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AQUEOUS IONICALLY STABILIZED 
DISPERSIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority under 35 U.S.C. 
§119 from US. Provisional Application Ser. No. 60/476,680 
(?led Jun. 6, 2003), the disclosure of Which is incorporated 
by reference herein for all purposes as if fully set forth. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to novel, stable aqueous 
pigment dispersions, the polymeric dispersants that produce 
the stable aqueous pigment dispersions, the process of 
making the pigment dispersions and the use thereof in ink jet 
inks. 

[0003] Aqueous dispersions of pigments are knoWn in the 
art and have been used in various applications such as, for 
eXample, inks for printing (particularly ink jet printing); 
Waterborne paints and other coating formulations for 
vehicles, buildings, road markings and the like; cosmetics; 
pharmaceutical preparations; etc. Because pigments are 
typically not soluble in an aqueous vehicle, it is often 
required to use dispersing agents, such as polymeric dis 
persants or surfactants, to produce a stable dispersion of the 
pigment in the vehicle. 

[0004] An application of the present invention relates to an 
ink (printing liquid) useful for Writing utensils such as 
aqueous ball point pens, fountain pens and felt-tip pens; 
continuous and on-demand type inkjet printers of a thermal 
jet type, a pieZo type and the like; and an inkjet printing 
method employing the ink. 

[0005] Aqueous pigment dispersions generally are stabi 
liZed by either a non-ionic or ionic technique. When the 
non-ionic technique is used, a polymer having a non-ionic 
hydrophilic section that eXtends into the Water medium is 
typically employed. The hydrophilic section provides 
entropic or steric stabiliZation that stabiliZes the pigment 
particles in the aqueous vehicle. Polyvinyl alcohol, cellulo 
sics, ethylene oXide modi?ed phenols and ethylene oXide/ 
propylene oXide polymers may be used for this purpose. 

[0006] While the non-ionic technique is not sensitive to 
pH changes or ionic contamination, it has a major disad 
vantage in that the printed image is Water sensitive. 

[0007] In the ionic technique, the pigment particles are 
stabiliZed using the polymer of an ion containing monomer, 
such as neutraliZed acrylic, maleic or vinyl sulfonic acid. 
The polymer provides stabiliZation through a charged 
double layer mechanism Whereby ionic repulsion hinders the 
particles from ?occulation. Since the neutraliZing compo 
nent tends to evaporate after printing, the polymer then has 
reduced Water solubility and the printed image is not Water 
sensitive. 

[0008] There continues to be a need for higher-quality and 
different property inks for inkjet ink applications. For 
instance, photographic and other highly colored printing 
requires improved inkjet inks. Although improvements in 
polymeric dispersants have signi?cantly contributed to 
improved inkjet inks, the current dispersants still do not 
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provide inks With requisite optical density and chroma 
needed for emerging ink jet applications. 

[0009] Avariety of dispersants having random and struc 
tured (e.g. block and graft) polymeric structures have been 
proposed in the art. For eXample, US4597794 discloses 
aqueous ink dispersions Wherein the pigment particles are 
dispersed using a polymer having ionic hydrophilic seg 
ments and aromatic hydrophobic segments that adhere to the 
pigment surfaces. US$085 698 discloses use of AB and BAB 
block polymer dispersants, Which are used in commercial 
inks for thermal ink jet printers. JP-A-07276806 discloses 
using certain graft copolymers having a hydrophilic portion 
containing acid groups and a hydrophobic portion primarily 
composed of styrenes and alkyl esters of (meth)acrylic acid. 

[0010] While random polymeric dispersants, such as those 
proposed in US4597794, can be prepared readily using 
conventional polymeriZation techniques, structured poly 
meric dispersants such as those taught in US5085698 usu 
ally provide better dispersion stability. The structured poly 
mers, hoWever, are more dif?cult to manufacture and require 
raW materials having a high purity. The graft copolymers 
proposed in JP-A-07276806 are prepared in an elaborate 
multi-step process generally requiring puri?cation steps 
before the macro-monomers can be used in the synthesis of 
the ?nal graft copolymer. 

[0011] Each of these dispersant types can be classi?ed as 
conventional dispersants. That is, they act to stabiliZe a 
pigment particle in an aqueous system, but do not form 
permanent bonds to the pigment surface, nor are steps taken 
to create an encapsulated pigment particle or to force the 
dispersant to encapsulate the pigment particle. 

[0012] There are reports that encapsulation of pigment 
particles provide a means to produce improved inks. For 
instance, JP-A-09151342 describes dispersions from anionic 
microencapsulated pigment dispersions. The microencapsu 
lated pigments are said to be obtained by forcing polymeric 
dispersants to encapsulate the pigment by salting out the 
dispersant or by a phase inversion process, or by using a 
crosslinking component. In Synthesis Example 3, a polymer 
is produced via a free radical process in Which the polymer 
has about 6 mole percent ionic content from methacrylic 
acid. In the subsequent microencapsulating step and disper 
sion preparation step using this polymer, an unstable dis 
persant is produced. The resulting pigment dispersion had 
large particle siZes, With an average siZe of 617 nm. 

[0013] In US6511534 there is described an improved 
encapsulation method Which is limited to self-dispersed 
pigments, and that the encapsulated coloring material con 
tains the organic polymer at a content ranging from 1 to 20% 
by Weight based on the coloring material. 

[0014] Alternate Ways to produce stable pigment disper 
sions include modifying the pigment to make it a self 
dispersing pigment. This self-dispersion characteristic is a 
result of a modi?cation of the pigment surface. Thus, the 
dispersing functionality (such as carboXylate groups) is 
covalently bonded to the pigment resulting in a self-dispers 
ing modi?cation. Examples of these self-dispersing pigment 
systems are described in US5718746, US6524383, 
US5554739 and WO01094476. 
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[0015] Recently described strategies in US6440203 pur 
port to achieve higher optical density and chrorna by pro 
ducing an ink Which has both a self-dispersing pigment and 
a colorant With a dispersant. 

[0016] Also, US6262152 discloses using conditions Which 
result in encapsulating the pigment particle via in situ 
reactions Which crosslink the dispersants at, near or onto the 
pigment particle surface. 

[0017] In US2003/0078320, an ink set is described Which 
consists of a self-dispersed black ink and a “colorant enclos 
ing a color pigment with a polymer”. The enclosing is 
de?ned as “completely enclosing a color pigment with a 
polymer”. This enclosure is achieved by polyrneriZation 
With the colorant present, use of crosslinking agents and 
other processes. 

[0018] While aqueous dispersions based on these systems 
have provided irnproved ink jet inks for many aspects of ink 
jet printing, still there are opportunities to improve the 
dispersions. One particularly important opportunity is 
obtaining irnproved optical density and chrorna. This must 
be achieved while maintaining other aspects of pigrnented 
dispersions, such as dispersion stability, long noZZle life and 
the like. 

[0019] All of the above-identi?ed publications are incor 
porated by reference herein for all purposes as if fully set 
forth. 

SUMMARY OF THE INVENTION 

[0020] The use of polymeric conventional dispersants is 
Well established as a means to make stable dispersants of 
particles, especially pigrnent particles. In general, these 
conventional dispersants have, at least, rnodest Water solu 
bility and this Water solubility is used as a guide to predict 
ing dispersion stability. During diligent searching for new, 
improved polyrneric dispersants, a neW class of dispersants 
has been found that has little Water solubility or rniscibility, 
and very limited hydrophilic content, and can be used to 
produce stable aqueous dispersions With neW and improved 
properties. 
[0021] In accordance With the invention, a neW class of 
dispersants has been found that produce stable aqueous 
dispersions via ionic stabiliZation With substantially no steric 
stabiliZation. When these dispersions are utiliZed for ink jet 
inks, irnages printed With the ink display both irnproved 
optical density and chrorna. 

[0022] Dispersions containing this neW class of dispers 
ants are referred to herein as ionically stabiliZed dispersions 
(ISD’s). The dispersants themselves are referred to as ISD 
polyrner dispersants. 
[0023] Accordingly, there are provided dispersants that 
lead to stable aqueous dispersions (ISD polyrner dispers 
ants), stable aqueous dispersions containing these dispers 
ants (ISD’s), methods of making ISD’s, inks based on ISD’s, 
inks sets comprising at least one ink based on an ISD, and 
methods of ink jet printing that use the inks and ink sets 
based on ISD’s. 

[0024] In accordance With one aspect of the present inven 
tion, there is provided an aqueous pigrnent dispersion corn 
prising a pigment and a polymeric, ionic dispersant in an 
aqueous vehicle, Wherein: 
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[0025] (a) the ionic dispersant is physically adsorbed to 
the pigment, 

[0026] (b) the polymeric ionic dispersant stably disperses 
the pigment in the aqueous vehicle, 

[0027] (c) the average particle siZe of the dispersion is less 
than about 300 nrn, and 

[0028] (d) When the aqueous pigrnent dispersion is added 
to about 1.5 g of an aqueous salt solution of about 0.20 rnolar 
salt, in an amount of 

[0029] one drop for pigrnent dispersions of about 
10 Wt% or more solids (based upon the total Weight 
of the dispersion), 

[0030] (ii) tWo drops for pigrnent dispersions of about 
5-10 Wt% solids (based upon the total Weight of the 
dispersion), and 

[0031] (iii) three drops for pigrnent dispersions of 
about 5 Wt% or less solids (based upon the total 
Weight of the dispersion), the pigment precipitates 
out of the aqueous salt solution When observed 24 
hours after the addition. 

[0032] In accordance With another aspect of the present 
invention, there is provided an aqueous pigrnent dispersion 
comprising a pigment and a polymeric, ionic dispersant in an 
aqueous vehicle, Wherein: 

[0033] (a) the ionic dispersant is physically adsorbed to 
the pigment, 

[0034] (b) the polymeric ionic dispersant stably disperses 
the pigment in the aqueous vehicle via ionic stabiliZation 
With substantially no steric stabiliZation, and 

[0035] (c) the average particle siZe of the dispersion is less 
than about 300 nrn. 

[0036] In accordance With another aspect of the present 
invention, there is provided an aqueous ink jet ink cornpris 
ing a pigment and a polymeric, ionic dispersant in an 
aqueous vehicle, Wherein: 

[0037] (a) the ionic dispersant is physically adsorbed to 
the pigment, 

[0038] (b) the polymeric ionic dispersant stably disperses 
the pigment in the aqueous vehicle, 

[0039] (c) the average particle siZe of the dispersion is less 
than about 300 nrn, and 

[0040] (d) When the aqueous ink jet ink is added to about 
1.5 g of an aqueous salt solution of about 0.20 rnolar salt, in 
an amount of 

[0041] one drop for aqueous ink jet ink of about 10 
Wt% or more solids (based upon the total Weight of 
the ink jet ink), 

[0042] (ii) tWo drops for aqueous ink jet ink of about 
5-10 Wt% solids (based upon the total Weight of the 
ink jet ink), and 

[0043] (iii) three drops for aqueous ink jet ink of 
about 5 Wt% or less solids (based upon the total 
Weight of the ink jet ink), 

[0044] the pigment precipitates out of the aqueous salt 
solution When observed 24 hours after the addition. 
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[0045] In accordance With another aspect of the present 
invention, there is provided an aqueous pigmented ink jet 
ink comprising an aqueous pigment dispersion as described 
above, having from about 0.1 to about 10 Wt% pigment 
based on the total Weight of the ink, a Weight ratio of 
pigment to dispersant of from about 0.5 to about 6, a surface 
tension in the range of about 20 dyne/cm to about 70 
dyne/cm at 25° C., and a viscosity of loWer than about 30 cP 
at 25° C. 

[0046] In accordance With another aspect of the present 
invention, there is provided a method for making an aqueous 
pigment dispersion as set forth above, comprising the step of 
miXing the pigment and the ionic polymeric dispersant in an 
aqueous carrier medium, then dispersing and/or de?occu 
lating the pigment. Preferably, the dispersing and/or de?oc 
culating is accomplished in a process selected from the 
group consisting of 2-roll milling, media milling, and by 
passing the miXture through a plurality of noZZles Within a 
liquid jet interaction chamber at a liquid pressure of at least 
5,000 psi. 
[0047] In still another aspect of the present invention, 
there is provided an ink set comprising at least one cyan ink, 
at least one magenta ink and at least one yelloW ink, Wherein 
at least one of the inks is an aqueous pigmented ink jet ink 
as set forth above and described in further detail beloW. 

[0048] In yet another aspect of the present invention, there 
is provided a method for ink jet printing onto a substrate, 
comprising the steps of: 

[0049] (a) providing an ink jet printer that is responsive to 
digital data signals; 

[0050] (b) loading the printer With a substrate to be 
printed; 

[0051] (c) loading the printer With an ink as set forth above 
and described in further detail beloW, or an ink jet ink set as 
set forth above and described in further detail beloW; and 

[0052] (d) printing onto the substrate using the ink or 
inkjet ink set in response to the digital data signals. 

[0053] In yet another aspect of the present invention 
polymeric additives can be added to inks containing ISD’s 
to enhance the ink performance. 

[0054] These and other features and advantages of the 
present invention Will be more readily understood by those 
of ordinary skill in the art from a reading of the folloWing 
detailed description. It is to be appreciated that certain 
features of the invention Which are, for clarity, described 
above and beloW in the conteXt of separate embodiments, 
may also be provided in combination in a single embodi 
ment. Conversely, various features of the invention that are, 
for brevity, described in the conteXt of a single embodiment, 
may also be provided separately or in any subcombination. 
In addition, references in the singular may also include the 
plural (for eXample, “a” and “an” may refer to one, or one 
or more) unless the conteXt speci?cally states otherWise. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0055] The science and art of producing stable dispersions 
utiliZing organic polymeric dispersants has been studied and 
extensively developed. In this literature the types of dispers 
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ants are characteriZed based on the perceived mechanism(s) 
of stabiliZation. Thus, polymeric dispersions can stabiliZe 
dispersions by steric and electrostatic stabiliZation. In order 
to provide effective steric or electrosteric stabiliZation, the 
dispersant must adhere to the particle surface and have an 
interaction With the dispersion medium. Both requirements 
can be satis?ed, by a polymeric dispersant With a dual 
functionality, featuring one or more functional groups or 

segments that attach or interact With the particle surfaces, 
and segments or tails that eXtend into the dispersion medium 
and provide the barrier needed for stabiliZation. In fact, the 
optimiZation of the dual functionality has lead to many 
improved pigment dispersions. This dual functionality is 
achieved by utiliZing polymers With hydrophilic and hydro 
phobic segments. 

[0056] Alternatively the polymeric dispersant can stabiliZe 
the pigment by an ionic mechanism. That is, the described 
polymeric dispersant systems suggest that the stabiliZation 
mechanism comes from the polymer providing stabiliZation 
through a charged double layer mechanism Whereby ionic 
repulsion hinders the particles from ?occulating (see previ 
ously incorporated US5085698). 

[0057] Although polymeric dispersants are most often 
described as leading to stabiliZation via steric, electrosteric 
or ionic mechanisms, in fact it appears that most if not all 
current polymeric dispersant systems stabiliZe by combina 
tions of both mechanisms. Those stabiliZations that are 
described solely in the conteXt of a single mechanism are 
noW believed to be combinations of steric and ionic mecha 
msms. 

[0058] In the conteXt of the present invention, it has noW 
been recogniZed that polymeric dispersants that function 
With virtually no steric stabiliZation can still successfully 
stabiliZe a dispersion. 

[0059] Thus, polymers Were sought that had a neW balance 
of properties. The hydrophobic nature of the polymers is 
important in that it can attach to the pigment surface, most 
likely by van der Waals and similar non-bonding forces 
(physical adsorption to the pigment). The major difference 
betWeen the instant invention and the previously described 
systems is that, in accordance With the present invention, the 
hydrophilic portion of the polymer is signi?cantly reduced. 
Furthermore, the hydrophobic/hydrophilic segments of the 
polymers are distributed in the polymer to minimiZe large 
molecular regions of hydrophilic components. These high 
densities of hydrophilic groups can lead to undesirable steric 
stabiliZation. 

[0060] This neW balance in properties results in aqueous 
pigment dispersions Where the polymeric stabiliZation is 
almost solely due to ionic stabiliZation, With little or no 
steric stabiliZation. While there are spectroscopic means to 
determine the presence of steric stabiliZation as described in 
“PoWders, Handling, Dispersion of PoWders in Liquids”, 
Kirk-Othmer Encyclopedia of Chemical Technology, John 
Wiley and Sons (2003), a more routine method has been 
developed to characteriZe the aqueous pigment ISD’s in 
accordance With the present invention that utiliZe the ISD 
polymeric dispersants. This method is called the salt stability 
test. 
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[0061] Salt Stability Test 

[0062] A series of different concentration aqueous salt 
solutions (typically NaCI) are prepared. For each salt solu 
tion, approximately 1.5 ml (about 1.5 g) is added to a small 
glass vial. 

[0063] For a pigment dispersion “concentrate”, one drop is 
added to the salt solution and gently mixed. For a pigment 
dispersion concentrate of about 15 Wt% total solids (typical), 
one drop Would typically be about 0.04 g total. The test for 
inks (Which can be considered diluted forms of the concen 
trates) is very similar for the salt stability test for pigment 
dispersion concentrates, except that the solids content of 
inks is loWer than that of a pigment dispersion concentrate, 
so the volume of ink added to the salt solution needs to be 
increased to maintain the same approximate amount of 
solids. Based on a typical ink of about 5 Wt% total solids, 
about three times the Weight of ink (as compared to con 
centrate) is needed. 

[0064] Taking the case of the pigment dispersion concen 
trate mentioned above, the Weight of solids from the con 
centrate Would be about 0.006 g in about 1.5 g of the 
aqueous salt test solution, or about 0.4% by Weight based on 
the Weight of the aqueous salt test solution. 

[0065] It should be noted that the 0.4% by Weight number 
derived above is not critical for the application of the salt 
stability test, but can be used as a standard point if so 
desired. Because the results of the salt stability test are more 
related to the concentration of salt as compared to solids, and 
because it may be someWhat dif?cult to precisely determine 
the solids content of a pigment dispersion, for a standard of 
measurement the folloWing convention Will be adopted: 

[0066] for pigment dispersions considered to be concen 
trates (about 10 Wt% or more solids), one drop of dispersion 
should be used for 1.5 ml salt solution; 

[0067] for more dilute pigment dispersions (such as inks 
having about 5 Wt% solids or less), three drops of dispersion 
should be used for 1.5 ml salt solution; and 

[0068] for pigment dispersions of an intermediate solids 
content (inks and/or concentrates of about 5-10 Wt% solids), 
tWo drops of dispersion should be used for 1.5 ml salt 
solution. 

[0069] Based on the above, the appropriate amount of the 
pigment dispersion is added to the salt solution and gently 
mixed. After sitting undisturbed for 24 hours at room 
temperature, sample stability is rated as folloWs: * Rating of 
3: complete settling of pigment; transparent, uncolored 
liquid at top. * Rating of 2: no transparent uncolored liquid 
layer; de?nite settling onto bottom of vial observed When 
vial is tilted. * Rating of 1: no transparent uncolored liquid 
layer; very slight settling (small isolated spots) as observed 
during tilting of vial. * Rating of 0: no evidence of any 
settling. 

[0070] The salt concentration Where settling is de?nitely 
observed (a rating of 2 or 3) is taken as the critical ?occu 
lation concentration for the pigment dispersion. It can be 
inferred from this test that, With increasing critical ?occu 
lation concentration, the role of polymeric (steric) stabili 
Zation becomes more dominant and electrostatic stabiliZa 
tion becomes a less important stabiliZation mechanism. 
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[0071] The ISD polymer dispersants Which satisfy the 
requirements for the invention are those that give pigment 
dispersions that are rated at 2 or 3 at a concentration of salt 
of 0.2 molar. That is, ISD polymer dispersants of this 
invention, When associated With a pigment in an ISD, and 
When tested by the salt stability test, Will be observed to 
precipitate from the test solution at 0.2 molar salt concen 
tration. Rating criteria 2 and 3 Will each meet the criteria of 
precipitation. More preferred are pigment dispersions that 
are rated at 2 or 3 at a concentration of salt of about 0.16 
molar or loWer. Even more preferred are pigment dispersions 
that are rated at 2 or 3 at a concentration of salt of about 0.14 
or loWer. 

[0072] The preferred salts for the aqueous salt solution are 
lithium, sodium or potassium salts. 

[0073] As indicated above, and for further clari?cation, 
the salt stability test is applicable to a Wide variety of 
pigment dispersion solids contents. If, hoWever, too much or 
too little solids are used in the test, it may be difficult to 
evaluate the samples in the context of the ratings above. 
While the one, tWo or three drop de?nition for the test does 
not speci?cally de?ne an amount of solids added, the test is 
quite ?exible and it has been found that these generalities are 
suf?cient to effectively rate samples in a consistent manner. 
In other Words, the test as de?ned above provides consistent 
and meaningful results despite variations in the solids con 
tents of the dispersions tested, and has been thus adopted as 
a de?nition in the context of the present invention. Further 
details and actual application of the salt stability test (Which 
particularly demonstrate this consistency of results) are 
provided in the Examples section beloW. 

[0074] A large class of dispersed pigments that Will likely 
pass this test are those pigments that have been processed to 
be self-dispersing pigments (SDP’s). HoWever, SDP’s do 
not meet the criteria of the instant invention in that no 
polymeric dispersant is included in the system. A test of an 
ink or dispersion to determine the presence of an SDP is as 
folloWs: 

[0075] (a) Acidify the ink (or dispersion) by adding HCI. 
This converts the Water solubiliZing components on the SDP 
and dispersant, like COO-, S03-, phosphonate and the like, 
to their acidi?ed form, thus loWering the solubility of the 
pigment and the dispersants in the aqueous media. 

[0076] Water-miscible cosolvent and surfactants should be 
dissolved into the aqueous phase by this step. Isolate the 
resulting solid. Alternatively, for a cationic-based ink, 
ammonia could be added to basify the cationic stabiliZing 
group. (b) Extract the resulting solid With tetrahydrofuran 
(THF). This removes binders and dispersants from the 
isolated solid, leaving a pigment substantially free of poly 
mers. Encapsulants that are bound to the pigment may 
remain on the pigment. (c) Dry the resulting solid. (d) 
Redisperse the pigment With Water and adjust the pH to 
about 9. If the pigment redisperses into solution, then the 
pigment is an SDP Where the dispersing moiety is covalently 
bound to the pigment particle. (ii) If pigment does not 
redisperse and remains undissolved, then it is not an SDP but 
a conventional pigment, Which had been converted to a 
stable dispersion by the polymeric components that Were 
removed in step (e) Dry the resulting solid. 

[0077] In the case Where the pigment is a mixture of SDP 
and conventional pigments With dispersants, such as 
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described in previously incorporated US6440203, the pig 
ment left at step (e) Would likely be the conventional 
pigment and the difference betWeen the mass at step (c) and 
(e) Would be the SDP that made up the pigment mixture. 

[0078] The ISD polymer dispersants of the invention have 
dual functionality. The predominant portion is hydrophobic 
Which has attractive forces to the pigment surface. The 
hydrophilic portion is limited such that the resultant pigment 
dispersant has little or no steric stabiliZation, and the result 
ant pigmentISD polymer dispersant precipitates When tested 
by the salt stability test at 0.2 molar salt solution. 

[0079] The ISD polymer dispersants are prepared by poly 
meriZation of hydrophobic and hydrophilic monomers. 
There is no limit as to the means to polymeriZe these 
monomers, except that the ?nal polymer, When tested as the 
polymeric dispersant With pigment, leads to a dispersion in 
Which the resultant pigment/ISD polymer dispersant pre 
cipitates When tested by the salt stability test at 0.2 molar salt 
solution. 

[0080] The ISD polymer dispersant may be a random, 
linear copolymer, or a structured polymer such as a diblock 

(A-B) or triblock (A-B-A or B-A-B) polymer, or a graft or 
branched polymer. The polymer can be made by any number 
of Well-known polymeriZation processes, including free 
radical, ionic, group transfer (GTP), radical addition frag 
mention (RAFT), atom transfer reaction (ATR), etc. General 
conditions and examples of such polymeriZation processes 
are disclosed in many of the previously incorporated refer 
ences. 

[0081] The polymer dispersant is a copolymer of hydro 
phobic and hydrophilic monomers. The precursor monomers 
can be denoted as folloWs, Wherein A represents monomers 
for the hydrophobic segment, B represents monomers for the 
hydrophilic segment, X denotes a hydrophobic substituent 
on the A monomer, and Z denotes a hydrophilic substituent 
on the B monomer. One type of more than one type of 
monomer may be present in each segment. 

[0082] For A and B, preferred examples of structures that 
Wpuld result in ISD dispersants are those Wherein each of 
R -R6 are independently selected from the group consisting 
of H and an alkyl, aryl or alkylaryl group having 1-20 
carbons, and Wherein X and Z are described beloW. In one 
preferred embodiment, each of Rl-R6 is selected from the 
group consisting of H and CH3. In another preferred 
embodiment, each of Rl-R2 and R4-R5 is H, and each of R3 
and R6 is independently selected from H and CH3. 

[0083] The hydrophilic composition of ISD polymer dis 
persants is minimiZed relative to knoWn polymeric dispers 
ants as described in many of the previously incorporated 
references. The hydrophilicity of the ISD polymer dispers 
ants is derived from the ionic substituent (Z) on the mono 
mer B. 

[0084] The Z group can be anionic, cationic, amphoteric 
or ZWitterionic, hydrophilic components. Nonionic compo 
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nents can also be included in the polymeric dispersant as 
long as their inclusion does not lead to suf?cient steric 
stabiliZation so that the polymeric dispersant With pigment 
does not meet the criteria set forth by the salt test. In the case 
of a polymer With non-ionic components, the salt test 
provides the means to determine What hydrophobic/hydro 
philiclnonionic balance is required to obtain a ‘failed’ salt 
test at or beloW an ion concentration of 0.2 molar. Examples 
of the Z group include: 

[0085] - anionic, e.g., sulfonates, sulfates, sulfosuccinates, 
carboxylates, phosphates - cationic, e.g., amine salts, includ 
ing quaternary amine salts. - amphoteric, e.g., N ->0 - 

ZWitterionic, e.g., betaines, +N-C-CO2-, lecithins. 

[0086] The hydrophilic monomers may have single Z 
substituents or combinations of Z groups. The Z group is 
present as its hydrogen substituted form or as a salt. 

[0087] Preferred hydrophilic monomers include, for 
example, methacrylic acid, acrylic acid, maleic acid, maleic 
acid monoester, itaconic acid, itaconic acid monoester, cro 
tonic acid, crotonic acid monoester, N,N-dimethylaminoet 
hyl methacrylate, N,N-diethylaminoethyl methacrylate, 
N,N-dimethylaminoethyl acrylate, N, N-diethylaminoethyl 
acrylate, t-butylaminoethyl methacrylate, t-butylaminoethyl 
acrylate, vinyl pyrridine, N-vinyl pyrridine, and 2-acryla 
mido-2-propane sulfonic acid. 

[0088] Other hydrophilic non-ionic monomers may be 
included. Prefered hydrophilic monomers include, for 
example, ethoxy triethyleneglycol methacrylate, hydroxy 
ethyl methacrylate, hydroxypropyl methacrylate, 2-ethoxy 
ethyl methacrylate, hydroxyethyl acrylate, and hydroxypro 
pyl acrylate. 

[0089] The hydrophobic composition of ISD polymer dis 
persants is maximiZed relative to knoWn polymeric dispers 
ants as described in many of the previously incorporated 
references. The hydrophobicity of the ISD polymer dispers 
ants is derived from the hydrophobic substituent on the 
monomer A. 

[0090] In a preferred embodiment, X is selected from the 
group consisting of: 

[0091] (a) an alkyl, aryl and alkylaryl group containing 
1-20 carbon atoms, Which group may further contain one or 
more heteroatoms, (b) a group of the formula C(O)OR7, 
Wherein R7 is selected from the group consisting of an alkyl, 
aryl and alkylaryl group containing 1-20 carbon atoms, 
Which group may further contain one or more heteroatoms, 
and (c) a group of the formula C(O)NR8R9, Wherein each of 
R8 and R9 is independently selected from the group consist 
ing of H and an alkyl, aryl and alkylaryl group containing 
1-20 carbon atoms, Which group may further contain one or 
more heteroatoms. 

[0092] Preferred hydrophobic monomers in general 
include, for example, benZyl methacrylate, butyl methacry 
late, methyl methacrylate, ethyl methacrylate, propyl meth 
acrylate, hexyl methacrylate, 2-ethylhexyl methacrylate, 
octyl methacrylate, lauryl ethacrylate, stearyl methacrylate, 
phenyl methacrylate, phenoxyethyl methacrylate, methacry 
lonitrile, glycidyl methacrylate, p-tolyl methacrylate, sorbyl 
methacrylate, methyl acrylate, ethyl acrylate, propyl acry 
late, butyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, 
octyl acrylate, lauryl acrylate, stearyl acrylate, phenyl acry 
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late, phenoxyethyl acrylate, acrylonitrile, glycidyl acrylate, 
p-tolyl acrylate, sorbyl acrylate, styrene, alpha-methyl sty 
rene, substituted styrenes, N-alkyl acrylamides, N-alkyl 
methacrylamides, vinyl acetate, vinyl butyrate and vinyl 
benZoate. 

[0093] A preferred example of an A (hydrophobic) is an 
acrylic monomer, Wherein X is selected from the group 
consisting of C(O)OR7, C(O)NR8 R9 and CN. In one pre 
ferred embodiment, R7 is selected from the group consisting 
of an alkyl, aryl and alkylaryl group having 1 to 20 carbon 
atoms, Which group may further contain one or more het 
eroatoms; and R8 and R9 are independently selected from the 
group consisting of H and an alkyl, aryl or alkylaryl group 
having 1 to 9 carbon atoms. Polymer segment of A mono 
mers preferably have a number average molecular Weight of 
at least about 300, and are Water insoluble. 

[0094] This list is not limiting in that any polymeric 
system Which produces an ISD polymer dispersant (that is, 
Which produces an ISD that satis?es the salt stability test) 
Will satisfy the polymeric needs of the invention. 

[0095] There are no limitations as to the polymeriZation 
methodology to combine monomers A and B to prepare the 
ISD polymeric dispersant. Examples of polymeriZation 
methods include but are not limited to free radical processes, 
Group Transfer Processes (GTP), and the like. 

[0096] ISD polymer dispersants preferred for use in the 
context of the present invention have a number average 
molecular Weight greater than 300, preferably greater than 
800, and beloW about 30,000, preferably beloW about 
20,000, and typically in the range of about 1,000 to about 
6,000. 
[0097] ISD polymeric dispersants are limited to the 
amount of ionic content. For random, linear copolymer, 
diblock, graft and branched polymers, the limit of hydro 
philic monomers is from about 1 mole percent to less than 
about 20 mole percent, based on all of the monomers. 
Alternatively, the limit of hydrophilic monomers is from 
about 2 mole percent to less than about 15 mole percent 
based on all of the monomers. For ABA triblocks, the limit 
is from about 2 mole percent to less than about 38 mole 
percent and, alternatively, less than about 25 mole percent. 
For BAB, triblocks the limit is from about 2 mole percent to 
less than about 25 mole percent. For each of these ionic 
limitations, the salt stability test of the pigment dispersion or 
ink jet ink is the determining factor relative to ionic content. 

[0098] One of the results of the loW hydrophilic content of 
the ISD polymeric dispersants is that their solubility in Water 
is loW. Water, of course, is a preferred media for inkjet inks. 
Thus, in order to prepare a stable aqueous dispersions from 
the ISD polymer dispersants, the initial mixture of the 
pigment and the ISD polymer dispersants preferably 
includes a Water-miscible solvent, Which suf?ciently solu 
biliZes the ISD polymer dispersant so that an initial physical 
mixture of the dispersant and pigment can be obtained. Then 
this ISD polymeric dispersant, pigment and solvent mixture 
can be processed by conventional dispersion processing to 
form a stable ISD polymeric dispersantipigment combina 
tion in an aqueous vehicle. This aqueous vehicle can thus be 
a combination of Water and a Water-miscible solvent. Can 
didate solvent systems can be determined by studying the 
solubility of the ISD polymeric dispersant by using Well 
knoWn solubility parameter methodologies. 
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[0099] The ISD’s and ink compositions of the invention 
may be prepared by methods knoWn in the art. It is generally 
desirable to make the ISD in a concentrated form, Which is 
subsequently diluted With a suitable liquid containing the 
desired additives. The ISD is ?rst prepared by premixing the 
selected pigment(s) and ISD polymeric dispersant(s) in an 
aqueous carrier medium (such as Water and, optionally, a 
Water-miscible solvent), and then dispersing or de?occulat 
ing the pigment. The dispersing step may be accomplished 
in a 2-roll mill, media mill, a horiZontal mini mill, a ball mill, 
an attritor, or by passing the mixture through a plurality of 
noZZles Within a liquid jet interaction chamber at a liquid 
pressure of at least 5,000 psi to produce a uniform dispersion 
of the pigment particles in the aqueous carrier medium 
(micro?uidiZer). Alternatively, the concentrates may be pre 
pared by dry milling the polymeric dispersant and the 
pigment under pressure. The media for the media mill is 
chosen from commonly available media, including Zirconia, 
YTZ, and nylon. These various dispersion processes are in 
a general sense Well-knoWn in the art, as exempli?ed by, 
US5022592, US5026427, US5310778, US5891231, 
US5679138, US5976232 and US20030089277. All of these 
documents are incorporated by reference herein for all 
purposes as if fully set forth. Preferred are 2-roll mill, media 
mill, and by passing the mixture through a plurality of 
noZZles Within a liquid jet interaction chamber at a liquid 
pressure of at least 5,000 psi. 

[0100] After the milling process is complete the pigment 
concentrate may be “letdown” into an aqueous system. “Let 
doWn” refers to the dilution of the concentrate With mixing 
or dispersing, the intensity of the mixing/dispersing nor 
mally being determined by trial and error using routine 
methodology, and often being dependent on the combination 
of the polymeric dispersant, solvent and pigment. The deter 
mination of suf?cient let doWn conditions is needed for all 
combinations of the polymeric dispersant, the solvent and 
the pigment. 

[0101] After the ISD preparation, the amount of Water 
miscible solvent may be more than some ink jet applications 
Will tolerate. For some of the ISDs, it thus may be necessary 
to ultra?lter the ?nal dispersion to reduce the amount of 
Water-miscible solvent. To improve stability and reduce the 
viscosity of the pigment dispersion, it may be heat treated by 
heating from about 30° C. to about 1 00° C., With the 
preferred temperature being about 70° C. for about 10 to 
about 24 hours. Longer heating does not affect the perfor 
mance of the dispersion. 

[0102] The amount of polymeric ISD dispersants required 
to stabiliZe the pigment is dependent upon the speci?c ISD 
dispersants, the pigment and vehicle interaction. The Weight 
ratio of pigment to polymeric ISD dispersants Will typically 
range from about 0.5 to about 6. Apreferred range is about 
0.75 to about 4. 

[0103] While not being bound by theory, it is believed that 
the ISD’s provide improved ink properties by the folloWing 
means. Stable aqueous dispersions are critical for inkjet inks 
to assure long-lived ink cartridges and feW problems With 
failed noZZles, etc. It is, hoWever, desirable for the ink to 
become unstable as it is jetted onto the media so that the 
pigment in the ink “crashes out” onto the surface of the 
media (as opposed to being absorbed into the media). With 
the pigment on the surface of the media, bene?cial proper 
ties of the ink can be obtained. 
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[0104] The ISD polymeric dispersants provide novel dis 
persants that suf?ciently stabilize the ink prior to jetting 
(such as in the cartridge) but, as the ink is jetted onto the 
paper, the pigment system is destabilized and the pigment 
remains on the surface of the media. This leads to improved 
ink properties. 

[0105] The hydrophobic nature of the inkjet inks made 
With ISD’s improves optical density and chroma signi? 
cantly. A recent discussion of pigmented ink in IS&T’s NIP 
18:2002 International Conference on Diqital Printing Tech 
nologies, page 369, describes a hydrophobic pigment for 
mulation that, When jetted onto a plain paper, results in the 
pigment residing on the paper surface. This surface deposit 
of pigment results in better optical density and chroma. The 
ISD’s of this invention take the hydrophobicity to an even 
greater level to achieve even better optical density and 
chroma. Pigments A Wide variety of organic and inorganic 
pigments, alone or in combination, may be selected to make 
the ISDs and ink. The term “pigment” as used herein means 
an insoluble colorant. The pigment particles are sufficiently 
small to permit free How of the ink through the ink jet 
printing device, especially at the ejecting noZZles that usu 
ally have a diameter ranging from about 10 micron to about 
50 micron. The particle siZe also has an in?uence on the 
pigment dispersion stability, Which is critical throughout the 
life of the ink. BroWnian motion of minute particles Will help 
prevent the particles from ?occulation. It is also desirable to 
use small particles for maximum color strength and gloss. 
The range of useful particle siZe is typically about 0.005 
micron to about 15 micron. Preferably, the pigment particle 
siZe should range from about 0.005 to about 5 micron and, 
most preferably, from about 0.005 to about 1 micron. The 
average particle siZe as measured by dynamic light scatter 
ing is less than about 500 nm, preferably less than about 300 
nm. 

[0106] The selected pigment(s) may be used in dry or Wet 
form. For example, pigments are usually manufactured in 
aqueous media and the resulting pigment is obtained as 
Water-Wet presscake. In presscake form, the pigment is not 
agglomerated to the extent that it is in dry form. Thus, 
pigments in Water-Wet presscake form do not require as 
much de?occulation in the process of preparing the inks as 
pigments in dry form. Representative commercial dry pig 
ments are listed in previously incorporated US5085698. 

[0107] In the case of organic pigments, the ink may 
contain up to approximately 30%, preferably about 0.1 to 
about 25%, and more preferably about 0.25 to about 10%, 
pigment by Weight based on the total ink Weight. If an 
inorganic pigment is selected, the ink Will tend to contain 
higher Weight percentages of pigment than With comparable 
inks employing organic pigment, and may be as high as 
about 75% in some cases, since inorganic pigments gener 
ally have higher speci?c gravities than organic pigments. 

[0108] The ISD polymer dispersant is preferably present 
in the range of about 0.1 to about 20%, more preferably in 
the range of about 0.2 to about 10 %, and still more 
preferably in the range of about 0.25% to about 5%, by 
Weight based on the Weight of the total ink composition. 
Aqueous Carrier Medium The aqueous carrier medium 
(aqueous vehicle) is Water or a mixture of Water and at least 
one Water-miscible organic solvent. Selection of a suitable 
mixture depends on requirements of the speci?c application, 
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such as desired surface tension and viscosity, the selected 
pigment, drying time of the pigmented ink jet ink, and the 
type of paper onto Which the ink Will be printed. Represen 
tative examples of Water-soluble organic solvents that may 
be selected include (1) alcohols, such as methyl alcohol, 
ethyl alcohol, n-propyl alcohol, iso-propyl alcohol, n-butyl 
alcohol, sec- butyl alcohol, t-butyl alcohol, iso-butyl alco 
hol, furfuryl alcohol, and tetrahydrofurfuryl alcohol; (2) 
ketones or ketoalcohols such as acetone, methyl ethyl ketone 
and diacetone alcohol; (3) ethers, such as tetrahydrofuran 
and dioxane; (4) esters, such as ethyl acetate, ethyl lactate, 
ethylene carbonate and propylene carbonate; (5) polyhydric 
alcohols, such as ethylene glycol, diethylene glycol, trieth 
ylene glycol, propylene glycol, tetraethylene glycol, poly 
ethylene glycol, glycerol, 2-methyl-2,4-pentanediol 1,2,6 
hexanetriol and thiodiglycol; (6) loWer alkyl mono- or 
di-ethers derived from alkylene glycols, such as ethylene 
glycol mono-methyl (or -ethyl) ether, diethylene glycol 
mono-methyl (or - ethyl) ether, propylene glycol mono 
methyl (or -ethyl) ether, triethylene glycol mono-methyl (or 
-ethyl) ether and diethylene glycol di-methyl (or -ethyl) 
ether; (7) nitrogen containing cyclic compounds, such as 
pyrrolidone, N-methyl-2-pyrrolidone, and 1,3-dimethyl-2 
imidaZolidinone; and (8) sulfur-containing compounds such 
as dimethyl sulfoxide and tetramethylene sulfone. 

[0109] A mixture of Water and a polyhydric alcohol, such 
as diethylene glycol, is preferred as the aqueous carrier 
medium. In the case of a mixture of Water and diethylene 
glycol, the aqueous carrier medium usually contains from 
about 30% Water/70% diethylene glycol to about 95% 
Water/5% diethylene glycol. The preferred ratios are 
approximately 60% Water/40% diethylene glycol to about 
95% Water/5% diethylene glycol. Percentages are based on 
the total Weight of the aqueous carrier medium. Amixture of 
Water and butyl carbitol is also an effective aqueous carrier 
medium. 

[0110] The amount of aqueous carrier medium in the ink 
is typically in the range of about 70% to about 99.8%, and 
preferably about 80% to about 99.8%, based on total Weight 
of the ink. 

[0111] The aqueous carrier medium can be made to be fast 
penetrating (rapid drying) by including surfactants or pen 
etrating agents such as glycol ethers and 1,2-alkanediols. 
Glycol ethers include ethylene glycol monobutyl ether, 
diethylene glycol mono-n-propyl ether, ethylene glycol 
mono-iso-propyl ether, diethylene glycol mono-iso-propyl 
ether, ethylene glycol mono-n-butyl ether, ethylene glycol 
mono-t-butyl ether, diethylene glycol mono-n-butyl ether, 
triethylene glycol mono-n-butyl ether, diethylene glycol 
mono-t-butyl ether, 1-methyl-1-methoxybutanol, propylene 
glycol mono-t-butyl ether, propylene glycol mono-n-propyl 
ether, propylene glycol mono-iso-propyl ether, propylene 
glycol mono-n-butyl ether, dipropylene glycol mono-n-butyl 
ether, dipropylene glycol mono-n- propyl ether, and dipro 
pylene glycol mono-isopropyl ether. 1,2-Alkanediols are 
preferably 1,2-C4-6 alkanediols, most preferably 1,2- hex 
anediol. Suitable surfactants include ethoxylated acetylene 
diols (e.g. Surfynols®) series from Air Products), ethoxy 
lated primary (e.g. Neodol® series from Shell) and second 
ary (e.g. Tergitol® series from Union Carbide) alcohols, 
sulfosuccinates (e.g. Aerosol® series from Cytec), organo 
silicones (e.g. SilWet® series from Witco) and ?uoro sur 
factants (e.g. Zonyl® series from DuPont). 
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[0112] The amount of glycol ether(s) and 1,2-alkanediol(s) 
added must be properly determined, but is typically in the 
range of from about 1 to about 15% by Weight and more 
typically about 2 to about 10% by Weight, based on the total 
Weight of the ink. Surfactants may be used, typically in the 
amount of about 0.01 to about 5% and preferably about 0.2 
to about 2%, based on the total Weight of the ink. Other 
Additives Other additives, such as biocides, humectants, 
chelating agents and viscosity modi?ers, may be added to 
the ink for conventional purposes. 

[0113] Biocides may be used to inhibit groWth of micro 
organisms. 
[0114] Inclusion of sequestering (or chelating) agents such 
as ethylenediaminetetraacetic acid (EDTA), iminodiacetic 
acid (IDA), ethylenediamine-di(o-hydroxyphenylacetic 
acid) (EDDHA), nitrilotriacetic acid (NTA), dihydroxyeth 
ylglycine (DHEG), trans-1,2- cyclohexanediaminetetraace 
tic acid (CyDTA), dethylenetriamine-N,N,N‘,N“, N“-pen 
taacetic acid (DTPA), and glycoletherdiamine-N,N,N‘,N‘ 
tetraacetic acid (GEDTA), and salts thereof, may be 
advantageous, for example, to eliminate deleterious effects 
of heavy metal impurities. 

[0115] Other polymer additives, if used, can be soluble or 
dispersed polymer(s). They can be any suitable polymer, for 
example, soluble polymers may include linear homopoly 
mers, copolymers, block polymers or natural polymers. 
They also can be structured polymers including graft or 
branched polymers, stars, dendrimers, etc. The dispersed 
polymers can include latexes, polyurethane dispersions, etc. 
The polymers may be made by any knoWn process including 
but not limited to free radical, group transfer, ionic, RAFT, 
condensation and other types of polymeriZation. Useful 
classes of polymers include, for example, acrylics, styrene 
acrylics, polyurethanes and alginates. These other polymer 
additives can be chosen from polymers that are capable of 
functioning as ISD polymer dispersants, but are not utiliZed 
as such. 

[0116] These polymer additives can be effective in 
improving gloss and other properties While not sacri?cing 
optical density. Other properties that can be affected by the 
polymer additives include, for example, reliability for ther 
mal inkjet printing and image durability. Ink Properties Drop 
velocity, separation length of the droplets, drop siZe and 
stream stability are greatly affected by the surface tension 
and the viscosity of the ink. Ink jet inks typically have a 
surface tension in the range of about 20 dyne/cm to about 70 
dyne/cm at 25° C. Viscosity can be as high as about 30 cP 
at 25° C., but is typically someWhat loWer. The ink has 
physical properties that can be adjusted to the ejecting 
conditions and printhead design. The inks should have 
excellent storage stability for long periods so as not clog to 
a signi?cant extent in an ink jet apparatus. Further, the ink 
should hot corrode parts of the ink jet printing device it 
comes in contact With, and it should be essentially odorless 
and non-toxic. 

[0117] Although not restricted to any particular viscosity 
range or printhead, loWer viscosity inks can be used, and 
may be preferred for certain applications. Thus the viscosity 
(at 25° C.) of the inks can be less than about 7 cps, less than 
about 5 cps, or even less than about 3.5 cps. Ink Sets Ink sets 
suitable for use With the present invention comprise at least 
three primary color inks: a cyan ink, a magenta ink and a 
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yelloW ink (CMY), Wherein at least one (and preferably all 
three) of these inks are based on ISDs. The ink set may 
optionally contain additional inks, and particularly a black 
ink (making a CMYK ink set). 

[0118] When the ink set contains a black ink, pigment is 
generally preferred for black from the standpoint of high 
optical density. A preferred black pigment is a carbon black 
pigment, and particularly an SDP black. Examples of SDP 
blacks and inks based thereon may be found, for example, 
US5554739, US5571311, US5609671, US5672198, 
US5698016, US5707432, US5718746, US5747562, 
US5749950, US5803959, US5837045, US5846307, 
US5851280, US5861447, US5885335, US5895522, 
US5922118, US5928419, US5976233, US6057384, 
US6099632, US6123759, US6153001, US6221141, 
US6221142, US6221143, US6277183, US6281267, 
US6329446, US6332919, US6375317, US2001/0035110, 
EP-A-l 086997, EP-A-1114851, EP-A-l 158030, EP-A-l 
167471, EP-A-l 122286, WO01 /10963, WO01/25340 and 
WO01/94476 (the disclosures of Which are incorporated by 
reference herein for all purposes as if fully set forth). 

[0119] The SDPs may be prepared by grafting a functional 
group or a molecule containing a functional group onto the 
surface of the pigment, or by physical treatment (such as 
vacuum plasma), or by chemical treatment (for example, 
oxidation With oZone, hypochlorous acid or the like). A 
single type or a plurality of types of hydrophilic functional 
groups may be bonded to one pigment particle. The type and 
the degree functionaliZation may be properly determined by 
taking into consideration, for example, dispersion stability in 
ink, color density, and drying properties at the front end of 
an ink jet head. Further details may be found by reference to 
the numerous publications incorporated above. 

[0120] In one preferred embodiment, the hydrophilic func 
tional group(s) on the SDP are primarily carboxyl groups, or 
a combination of carboxyl and hydroxyl groups; even more 
preferably the hydrophilic functional groups on the SDP are 
directly attached and are primarily carboxyl groups, or a 
combination of carboxyl and hydroxyl. 

[0121] Preferred pigments in Which the hydrophilic func 
tional group(s) are directly attached may be produced, for 
example, by a method described in previously incorporated 
WO01/94476. Carbon black treated by the method described 
in this publication has a high surface active hydrogen 
content Which is neutraliZed With base to provide very stable 
dispersions in Water. 

[0122] In addition to the black ink, the ink set may further 
include include one or more other colored inks such as, for 
example, an orange ink and/or a green ink. 

[0123] The ink set may further comprise a ?xing solution, 
Which may be advantageous in reducing blurring and 
strikethrough in fast drying aqueous inks. See, for example, 
US5746818, US6450632, US20020044185, EP1258510 and 
USSN 10/755,630 (?led 12 January 2004, claiming priority 
from US Provisional Application Serial No. 60/449,760 
(?led February 25, 2003)), the disclosures of Which are 
incorporated by reference herein for all purposes as if fully 
set forth. 

[0124] This invention noW Will be further illustrated, but 
not limited, by the folloWing examples. 
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EXAMPLES 

[0125] Polymeric Dispersants 
[0126] The following synthetic examples Were all based 
on group transfer polymerization (GTP), although other 
types of polymerization processes can be used to generate 
similar types of polymers. In the case of the block polymers, 
the current block Was at least 95 % converted before adding 
the mixture of monomers for the next block. In all cases, the 
feed cycle strategy is described. HoWever, the synthesis Was 
terminated When 99% of the polymer Was converted as 
detected by HPLC. The molecular Weight reported (unless 
otherWise noted) is based on theoretical considerations. For 
the random linear polymers, the ratio given is the Weight 
ratio of the monomer unit in the ?nal polymer; for the 
triblock and other polymers the ratio is the mole ratio of the 
monomer components. 

[0127] Standard laboratory techniques Were employed for 
the folloWing examples. 

[0128] The acid value Was determined by titration and is 
reported as mg/gram of polymer solids. Molecular Weight 
Was determined by GPC. The GPC separations Were carried 
out using a four column set consisting of tWo 500-A, and tWo 
100-A30 cm><7.8 mm id. Microstyragel columns (Waters, 
Milford, Mass.). The tetrahydrofuran mobile phase Was 
delivered by a HeWlett-Packard (PaloAlto, Calif.) model 
1090 gradient liquid chromatograph at a ?oWrate of 1.0 
mL/min. The eluting species Were detected using a HeWlett 
Packard 1047A differential refractive detector. NarroW loW 
molecular-Weight poly(methylmethacrylate) standards Were 
used as calibrants. The particle siZe Was determined by 
dynamic light scattering using a Microtrac AnalyZer, Largo 
Florida. For many of the dispersion steps, a Model 100 F or 
Y, Micro?uidics System Was used (NeWton Mass.) 

[0129] It should be noted that, in referring to the polymer 
compositions, a double slash indicates a separation betWeen 
blocks and a single slash indicates a random copolymer. 
Thus, for example, BZMA/MAA 90/10 is a random copoly 
mer having about 90 Wt% benZyl methacrylate (BZMA) and 
about 10 Wt% methacrylic acid (MAA) units in the ?nal 
polymer; and BZMA//MAA//BZMA 8//10//8 is an ABA 
triblock polymer With a ?rst A block that is on average 8 
BZMA units long, a B block that is on average 10 MAA 
units long, and a ?nal A block that is on average 8 BZMA 
units long. 

[0130] (1a) BZMA/MAA 90/10 Random Linear CoDoly 
mer 

[0131] A 5-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. Tetrahydrofuran (THF), 1715.1 g, Was charged 
to the ?ask. The catalyst (tetrabutyl ammonium m-chlo 
robenZoate, 1.2 ml of a 1.0 M solution in acetonitrile) Was 
then added. Initiator (1-methoxy-1-trimethylsiloxy-2-me 
thyl propene, 51.33 g (0.295 moles)) Was injected. Feed I 
(tetrabutyl ammonium m-chlorobenZoate, 1.2 ml of a 1.0 M 
solution in acetonitrile and THF, 10.0 g) Was started and 
added over 180 minutes. Feed II (trimethylsilyl methacry 
late, 267.6 g (1.69 moles) and benZyl methacrylate (BZMA), 
1305.6 g (7.42 moles)) Was started at 0.0 minutes and added 
over 70 minutes. 

[0132] At 173 minutes, 60.5 g of methanol Was added to 
the above solution and distillation began. During the ?rst 
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stage of distillation, 503.0 g of material Was removed. The 
?nal polymer solution Was 51.5% solids. 

[0133] The polymer had a composition of BZMA/MAA 
90/ 10; molecular Weight (Mn) of 5048; and an acid value of 
1.24 (milliequivalents/gram of polymer solids) based on 
total solids. 

[0134] (lb) BZMA/MAA 90/10 Random Linear Copoly 
mer 

[0135] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. Tetrahydrofuran (THF), 1200 g, Was charged to 
the ?ask. The catalyst (tetrabutyl ammonium m-chloroben 
Zoate, 0.75 ml of a 1.0 M solution in acetonitrile) Was then 
added. Initiator (1,1-bis(trimethylsilyloxy)-2-methyl pro 
pene, 42.5 g (0.18 moles)) Was injected. Feed I (tetrabutyl 
ammonium m-chlorobenZoate, 0.4 ml of a 1.0 M solution in 
acetonitrile and THF, 5 g) Was started and added over 180 
minutes. Feed II (trimethylsilyl methacrylate, 135.5 g (0.86 
moles) and benZyl methacrylate, 825.5 g (4.69 moles)) Was 
started at 0.0 minutes and added over 45 minutes. 

[0136] At 125 minutes, 70 g of methanol Was added to the 
above solution and distillation began. During the ?rst stage 
of distillation, 375 g of material Was removed. The ?nal 
polymer solution Was 48.5 % solids. 

[0137] The polymer had a composition of BZMA/MM 
90/ 10; molecular Weight (Mn) of 4995, and an acid value of 
1.22 (milliequivalents/gram of polymer solids) based on 
total solids. 

[0138] (1c) BZMA/MAA 90/10 Random Linear Copoly 
mer With 2-pyrrolidone as Final Solvent 

[0139] In a 2 liter ?ask, 1000 g of polymer 1a solution Was 
added. The solution Was heated to re?ux and 284 g of 
solvent Was distilled off. Then 221 g of 2-pyrrolidone Was 
added to the ?ask. After another 156 g of solvent Was 
distilled off, 266 g of 2-pyrrolidone Was added to make a 
polymer solution of 47% solids. 

[0140] (2a) BZMA/MAA 92/8 Random Linear Copolymer 

[0141] The same preparation Was used as in preparation 1a 
except 213.2 g of trimethylsilyl methacrylate and 1334.5 g 
of benZyl methacrylate Were used. This resulted in a polymer 
solution of 51.7% solids, With a composition of BZMA/ 
MAA 92/8, a molecular Weight (Mn) of 5047 and an acid 
value of 0.99 (meq/gram of polymer solids.) based on total 
solids. 

[0142] (2b) BZMA/MAA 92/8 Random Linear Copoly 
mer With 2-pyrrolidone as Final Solvent 

[0143] In a 5 liter ?ask, 1449 g of polymer 2a solution Was 
added along With 412 g of 2-pyrrolidone. The solution Was 
heated to re?ux and 56 g of solvent Was distilled off. Then 
320.5 g of 2-pyrrolidone Was added to make a polymer 
solution of 45.7% solids. 

[0144] (2c) BZMA/MAA 92/8 Random Linear Copolymer 

[0145] The same preparation Was used as in polymer 
preparation 1b except 103.0 g trimethylsilyl methacrylate 
(0.65 moles), 844 g benZyl methacrylate (4.80 moles) and 55 
g methanol Were used, and 354 g of material Was removed. 
The ?nal polymer solution Was 48.4% solids. 
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[0146] The polymer had a composition of BZMA/MAA 
92/8; molecular Weight (Mn) of 4999, and an acid value of 
0.98 (meq/gram of polymer solids) based on total solids. 

[0147] (2d) Neutralization of Polymer 2b With Potassium 
Hydroxide 
[0148] The following ingredients Were combined With 
stirring: 

INGREDIENT AMOUNT (G) 

Polymer preparation 2b 33.0 
45% aqueous potassium hydroxide solution 4.4 
DI Water 63.1 

[0149] (3a) BZMA/MAA 94/6 Random Linear Copolymer 

[0150] The same preparation Was used as in preparation 1a 
except 160.3 g of trimethylsilyl methacrylate and 1363.5 g 
of benZyl methacrylate Were used. The result Was of 49.9% 
solids polymer solution With a composition of BZMA/MAA 
94/6, a molecular Weight (Mn) of 5047, and an acid value of 
0.77 (meq/gram of polymer solids.) based on total solids. 

[0151] (3b) BZMA/MAA 94/6 Random Linear Copoly 
mer With 2-Dyrrolidone as Final Solvent 

[0152] In a preparation similar to 2b, the polymer 3a 
solution Was prepared With 2-pyrrolidone as the ?nal sol 
vent. The resulting solids content Was 43.93%, THF Was 
8.8% and 2-pyrrolidone Was 47.27%. 

[0153] (3c) BZMA/MAA 94/6 Random Linear Copolymer 
[0154] The same preparation Was used as in preparation 1b 
except 69.9 g trimethylsilyl methacrylate (0.44 moles), 
862.0 g benZyl methacrylate (4.90 moles) and 55 g methanol 
Were used, and 359 g of material Was removed. The ?nal 
polymer solution Was 49.0% solids. 

[0155] The polymer had a composition of BZMA/MAA 
94/6, a molecular Weight (Mn) of 4999 and an acid value of 
0.69 (meq/gram of polymer solids) based on total solids. 

[0156] (4a) BZMA//MAA//BZMA 8//10//8 Triblock 
Copolymer 
[0157] A 5-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 1721.0 g , Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 1.9 ml of 
a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1-methoxy-l-trimethylsiloxy-2-methyl propene, 80.17 g 
(0.46 moles)) Was injected. Feed I (tetrabutyl ammonium 
m-chlorobenZoate, 1.8 ml of a 1.0 M solution in acetonitrile 
and THF, 16.92 g) Was started and added over 210 minutes. 
Feed II (BZMA, 649.3 g (3.69 moles)) Was started at 0.0 
minutes and added over 45 minutes. Thirty minutes after 
Feed II Was completed (over 99% of the monomers had 
reacted), Feed 1111 (trimethylsilyl methacrylate, 726.7 g (4.60 
moles)) Was started and added over 30 minutes. One hun 
dred and ?fty minutes after Feed III Was completed (over 
99% of the monomers had reacted), Feed IV (BZMA, 647.5 
g (3.68 moles)) Was started and added over 30 minutes. 

[0158] At 500 minutes, 300.0 g of methanol Was added to 
the above solution and distillation began. 750.0 g of material 
Was removed to produce a ?nal polymer solution of 51.5% 
solids in tetrahydrofuran. 
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[0159] The polymer has a composition of BZMA//MAA// 
BZMA 8//10//8, a molecular Weight (Mn) of 3780, and an 
acid value of 2.88 (meq/gram of polymer solids) based on 
total solids. 

[0160] (4b) BZMA//MAA//BZMA 8//10//8 Triblock 
Copolymer With 2-Dyrrolidone as Final Solvent 

[0161] A 3 liter ?ask Was equipped With a heating mantle, 
stirrer and condenser. One thousand grams of the polymer 4a 
solution of Was charged along With 500 g of 2-pyrrolidone. 
The ?ask Was heated to re?ux and distillation Was begun 
until 250.0 g of solvent Was removed, and then an additional 
447.0 g of 2-pyrolidone Was added. The distillation Was 
continued until another 200 g of solvent Was removed. This 
left a polymer solution of 35.2% solids in 2-pyrolidone. 

[0162] (5a) BZMA//MAA//BZMA 8//5//8 Triblock 
Copolymer 

[0163] The same preparation Was used as in preparation 4a 
except 363.5 g of trimethylsilyl methacrylate Was used. This 
made a polymer solution of 51.7% solids With a composition 
of BZMA//MAA//BZMA 8//5//8, a molecular Weight (Mn) 
of 3350, and an acid value of 1.59 (meq/gram of polymer 
solids) based on total solids. 

[0164] (5b) BZMA//MAA//BZMA 8//5//8 Triblock 
Copolymer With 2-pyrrolidone as Final Solvent 

[0165] The same preparation Was used as in preparation 4b 
except that the polymer 5a solution Was used. This made a 
polymer solution of 35.7% solids in 2-pyrrolidone. 

[0166] (6a) BZMA//MAA 5//1 Short B Block Copolymer 

[0167] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 1000.6 g, Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 4.0 ml of 
a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1,1-bis(trimethylsiloxy)-2-methyl propene, 232.7 g (1.00 
moles)) Was injected. Feed I (benZyl methacrylate, 881.0 g 
(5.00 moles)) Was started at 0.0 minutes and added over 60 
minutes. 

[0168] At 190 minutes, 64.2 g of methanol Was added to 
the above solution and distillation begun. 457.7 g of material 
Was removed to produce a ?nal polymer solution of 54.0% 
solids. 

[0169] The polymer had a composition of BZMA//MAA 
5//1, a molecular Weight (Mn) of 886, and an acid value of 
0.90 (meq/gram of polymer solids) based on total solids. 

[0170] (6b) BZMA//MAA 5//1 short B Block CoDolymer 
With 2-Dyrrolidone as Final Solvent 

[0171] The same preparation Was used as in preparation 4b 
except the polymer 6a solution Was used. This made a 
polymer solution of 43.75% solids in 2-pyrolidone. 

[0172] (7a) BZMA/ETEGMA/MAA 84/10/6 Random 
Linear Copolymer 

[0173] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 1200 g , Was charged to the ?ask. The 
catalyst (tetrabutyl amnmonium m-chlorobenZoate, 0.76 ml 
of a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1-methoxy-1-trimethylsiloxy-2-methyl propene, 32 trile) 
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Was then added. Initiator (1-methoXy-1-trimethylsiloXy-2 
methyl propene, 32 g (0.18 moles)) Was injected. Feed I 
(tetrabutyl ammonium m-chlorobenZoate, 0.76 ml of a 1.0 
M solution in acetonitrile and THF, 10 9) Was started and 
added over 300 minutes. Feed II (trimethylsilyl methacry 
late, 99.4 g (0.63 moles), benZyl methacrylate, 754.1 g (4.28 
moles), and ethoXy triethylene glycol methacrylate 
(ETEGMA), 92.1 g (0.37 moles)) Was started at 0.0 minutes 
and added over 45 minutes. 

[0174] At 175 minutes, 55 g of methanol Was added to the 
above solution and distillation begun. 350.5 g of material 
Was removed to produce a ?nal polymer solution of 49.1 % 
solids. 

[0175] The polymer had a composition of BZMA/ 
ETEGMA/MAA 84/10/6, molecular Weight (Mn) of 4994, 
and an acid value of 0.79 (meq/gram of polymer solids) 
based on total solids. 

[0176] (7b) BZMA/ETEGMA/MAA 84/10/6 Random 
Linear Copolymer With 2-pyrrolidone as Final Solvent 

[0177] In a 2 liter ?ask, 1000 g of polymer 7a solution Was 
added. The solution Was heated to re?ux and 256 g of 
solvent Was distilled off. Then 224 g of 2-pyrrolidone Was 
added to the ?ask. After another 184 g of solvent Was 
distilled off, and 269 g of 2-pyrrolidone Was added to make 
a polymer solution of 47% solids. 

[0178] (7c) BZMA/ETEGMA/MAA 64/30/6 Random 
Linear Copolymer 

[0179] The same preparation Was used as in preparation 7a 
eXcept 576.1 g benZyl methacrylate (3.27 moles) and 270.1 
g ethoXy triethylene glycol methacrylate (1.10 moles) Were 
used. The ?nal polymer solution Was 48.5% solids. 

[0180] The polymer had a composition of BZMA/ 
ETEGMA/MAA 64/30/6, a molecular Weight (Mn) of 4994, 
and an acid value of 0.78 (meq/gram of polymer solids) 
based on total solids. 

[0181] (8a) BZMA/HEMA/MAA 78/16/6 Random Linear 
Copolymer 
[0182] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 1200 g, Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 0.77 ml 
of a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1-methoXy-1-trimethylsiloXy-2-methyl propene, 32 g (0.18 
moles)) Was injected. Feed I (tetrabutyl ammonium m-chlo 
robenZoate, 0.39 ml of a 1.0 M solution in acetonitrile and 
THF, 5 g) Was started and added over 150 minutes. M 
solution in acetonitrile and THF, 5 g) Was started and added 
over 150 minutes. Feed II (trimethylsilyl methacrylate, 99.4 
g (0.63 moles), benZyl methacrylate, 703.1 g (3.99 moles) 
and 2-(trimethylsilyloXy)ethyl methacrylate, 223.1 g (1.10 
moles)) Was started at 0.0 minutes and added over 45 
minutes. 

[0183] At 135 minutes, 125 g of methanol and 0.34 g of 
dichloroacetic acid Were added to the above solution and 
stirred for 30 minutes. Then 505 g of material Was removed 
by distillation to produce a ?nal polymer solution of 50.8% 
solids. 

[0184] The polymer had a composition of BZMA/HEMA/ 
MAA 78/ 16/ 6, a molecular Weight (Mn) of 4996, and an acid 
value of 0.70 (meq/gram of polymer solids) based on total 
solids. 
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[0185] (9) BZMA/ETEGMA/HEMA/MAA 82.5/7.5/4/6 
Random Linear Copolymer A 3-liter ?ask Was equipped 
With a mechanical stirrer, thermometer, N2 inlet, drying tube 
outlet, and addition funnels. THF, 1100 g , Was charged to 
the ?ask. The catalyst (tetrabutyl ammonium m-chloroben 
Zoate, 0.62 ml of a 1.0 M solution in acetonitrile) Was then 
added. Initiator (1,1-bis(trimethylsilyloXy)-2-methyl pro 
pene, 35 g (0.15 moles)) Was injected. Feed I (tetrabutyl 
ammonium m-chlorobenZoate, 0.32 ml of a 1.0 M solution 
in acetonitrile and THF, 5 g) Was started and added over 150 
minutes. Feed II (trimethylsilyl methacrylate, 96.2 g (0.61 
moles), benZyl methacrylate, 744.3 g (4.22 moles), ethoXy 
triethylene glycol methacrylate, 67.6 g (0.27 moles) and 
2-(trimethylsilyloXy)ethyl methacrylate, 56.1 g (0.28 
moles)) Was started at 0.0 minutes and added over 45 
minutes. 

[0186] At 135 minutes, 70 g of methanol and 0.34 g of 
dichloroacetic acid Were added to the above solution and 
stirred for 30 minutes. Then 330 g of material Was removed 
by distillation to produce a ?nal polymer solution of 50.85% 
solids. 

[0187] The polymer had a composition of BZMA/ 
ETEGMA/HEMA/MAA 82.5/7.5/4/6, a molecular Weight 
(Mn) of 6001, and an acid value of 0.86 (meq/gram of 
polymer solids) based on total solids. 

[0188] (10) BZMA//DMAEMA 13//3.4 Diblock Copoly 
mer 

[0189] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 540 g , Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 0.69 g of 
a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1-methoXy-1-trimethylsiloXy-2-methyl propene, 29.8 g 
(0.17 moles)) Was injected. Feed I (tetrabutyl ammonium 
m-chlorobenZoate, 0.35 g of a 1.0 M solution in acetonitrile 
and THF, 5 g) Was started and added over 150 minutes. Feed 
II (N,N-dimethylaminoethylmethacrylate, 92.3 g (0.59 
moles)) Was started at 0.0 minutes and added over 30 
minutes. Feed III (benZyl methacrylate, 390.8 g (2.22 
moles)) Was started at 60 minutes and Was added over 30 
minutes. 

[0190] At 135 minutes, 11 g of methanol Was added to the 
above solution and Feed I Was stopped. Distillation Was used 
to remove 48 g of material, resulting in a ?nal polymer 
solution of 47.3% solids. 

[0191] The polymer had a composition of BZMA// 
DMAEMA 13//3.4 (mole ratio), a theoretical molecular 
Weight (Mn) of 2930, and an amine value of 1.18 (meq 
/gram of polymer solids) based on total solids. 

[0192] (10b) BZMA//DMAEMA 13//3.4 Diblock Copoly 
mer With 2-pyrrolidone as Final Solvent 

[0193] In a 2 liter ?ask, 950 g of the polymer 10(a) 
solution Was added. The solution Was heated to re?ux and 
241 g of solvent Was distilled off. Then 214 g of 2-pyrroli 
done Was added to the ?ask. After another 183 g of solvent 
Was distilled off, 258 g of 2-pyrrolidone Was added to make 
a polymer solution of 45.6% solids. 
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[0194] (10c) BZMA//DMAEMA 13//4.4 Diblock Copoly 
mer 

[0195] The same preparation Was used as in preparation 1 
Oa except 118.1 g N,N-dimethylaminoethylmethacrylate 
(0.75 moles) Was used, and the methanol Was added after 
170 minutes from the start of the Feeds. The polymer had a 
composition of BZMA//DMAEMA 131/4.4 (mole ratio), a 
theoretical molecular Weight (Mn) of 3080, and an amine 
value of 1.49 (meq/gram of polymer solids) based on total 
solids. 

[0196] (11a) BZMA/DMAEMA 85.5/14.5 Random Linear 
Copolymer 

[0197] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 552 g , Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 0.37 g of 
a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1-methoXy-1-trimethylsiloXy-2-methyl propene, 16.8 g 
(0.096 moles)) Was injected. Feed I (tetrabutyl ammonium 
m-chlorobenZoate, 0.19 g of a 1.0 M solution in acetonitrile 
and THF, 5 g) Was started and added over 150 minutes. Feed 
II (N,N-dimethylaminoethylmethacrylate, 71.7 g (0.46 
moles) and benZyl methacrylate, 419.6 g (2.38 moles)) Was 
started at 0.0 minutes and added over 30 minutes. 

[0198] At 85 minutes, 6.6 g of methanol Was added to the 
above solution and Feed I Was stopped. Distillation Was used 
to remove 28.5 g of material, resulting in a ?nal polymer 
solution of 47.8% solids. 

[0199] The polymer had a composition of BZMA/ 
DMAEMA 85 .5/14.5 (Weight ratio), a theoretical molecular 
Weight (Mn) of 5370, and an amine value of 0.92 (meq/gram 
of polymer solids) based on total solids. 

[0200] (11b) BZMA/DMAEMA 85.5/14.5 Random Lin 
ear Copolymer With 2-Dyrrolidone as Final Solvent 

[0201] In a 2 liter ?ask, 950 g of the polymer 11 a solution 
Was added. The solution Was heated to re?uX and 251 g of 
solvent Was distilled off. Then 211 g of 2-pyrrolidone Was 
added to the ?ask. After another 162 g of solvent Was 
distilled off, 253 g of 2-pyrrolidone Was added to make a 
polymer solution of 44.8% solids. 

[0202] (12a) BZMA/DMAEMA 76.4/23.6 Random Lin 
ear Copolymer 

[0203] The same preparation Was used as in preparation 
11a eXcept eXcept 376 g benZyl methacrylate (2.13 moles) 
and 116.2 g N,N-dimethylaminoethylmethacrylate (0.74 
moles) Were used, and the methanol Was added after 53 
minutes from the start of the Feeds. 

[0204] The polymer had a composition of BZMA/ 
DMAEMA 76.4/23.6 (Weight ratio), a theoretical molecular 
Weight (Mn) of 5370, and an amine value of 1.6 (meq/gram 
of polymer solids) based on total solids. 

[0205] (12b) BZMA/DMAEMA 76.4/23.6 Random Lin 
ear Copolymer With 2-Dyrrolidone as Final Solvent 

[0206] In a 2 liter ?ask, 980 g of the polymer 12a solution 
Was added. The solution Was heated to re?uX and 263 g of 
solvent Was distilled off. Then 217 g of 2-pyrrolidone Was 
added to the ?ask. After another 210 g of solvent Was 
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distilled off, 260 g of 2-pyrrolidone Was added to make a 
polymer solution of 45.8% solids. 

[0207] (13) MMA/DMAEMA 85 .5/14.5 (Weight ratio) 
Random Linear Copolymer The same preparation Was used 
as in preparation 11a eXcept 16.4 g 1-methoXy-1-trimethyl 
siloXy-2-methyl propene (0.094 moles) Was used, 419.6 g 
methyl methacrylate (4.19 moles) Was used instead of ben 
Zyl methacrylate, and the methanol Was added after 93 
minutes from the start of the feeds. 

[0208] (14a) BZMA//MAA 13//3 Short B Block Copoly 
mer 

[0209] A 12-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 3866 g , Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 1.2 ml of 
a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1,1-bis(trimethylsilyloXy)-2-methyl propene, 281.1 g (1.21 
moles)) Was injected. Feed I (trimethylsilyl methacrylate, 
382.8 g (2.42 moles)) Was started and added over 30 
minutes. At 117 minutes, Feed II (benZyl methacrylate, 
2767.7 g (15.73 moles)) Was started and added over 64 
minutes. At 240 minutes, 232 g of methanol Was added to the 
above solution, and distillation begun. 1180 g of material 
Was removed, resulting in a ?nal polymer solution of 
50.82% solids. 

[0210] The polymer had a composition of BZMA//MAA 
13//3 (mole ratio), a molecular Weight (Mn) of 2522, a 
polydispersity of 1.26, and an acid value of 1.23 (meq/gram 
of polymer solids) based on total solids 

[0211] (14b) BZMA//MAA 13//3 Short B Block Copoly 
mer With 2-pyrrolidone as Final Solvent 

[0212] In a 12-liter ?ask, 5300 g of the polymer 14a 
solution Was heated to re?ux and 1353 g of solvent Was 
distilled off. Then 1188 g of 2-pyrrolidone Was added to the 
?ask. After another 1190 g of solvent Was distilled off, 1428 
g of 2-pyrrolidone Was added to make a polymer solution of 
46.31 % solids. 

[0213] (PA1a) Polymer Additive ETEGMA/MAA 74/26 
Random Copolymer 

[0214] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 760 g , Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 0.82 g of 
a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1,1-bis(trimethylsilyloXy)-2-methyl propene, 24.0 g (0.10 
moles)) Was injected. Feed I (tetrabutyl ammonium m-chlo 
robenZoate, 0.4 g of a 1.0 M solution in acetonitrile and THF, 
5 g) Was started and added over 150 minutes. Feed II 
(trimethylsilyl methacrylate, 225.1 g (1.42 moles) and 
ethoXy triethylene glycol methacrylate (ETEGMA), 377.6 g 
(1.53 moles)) Was started at 0.0 minutes and added over 45 
minutes. At 250 minutes, 100 g of methanol Was added to the 
above solution and distillation begun. 441 g of material Was 
removed to yield a polymer solution of 49.7% solids. 

[0215] The polymer had a composition of ETEGMA/ 
MAA 74/26 Wt%, a molecular Weight (Mn) of 5800, a 
polydispersity of 1.27, and an acid value of 3.05 (meq/gram 
of polymer solids) based on total solids. 
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[0216] (PA1b) Polymer Additive ETEGMA/MAA 74/26 
Random Copolymer With 2-pyrrolidone as Final Solvent 

[0217] In a 3-liter ?ask, 838 g of the polymer PAla 
solution Was heated to re?ux and 216 g of solvent Was 
distilled off. Then 187 g of 2-pyrrolidone Was added to the 
?ask. After another 167 g of solvent Was distilled off, 225 g 
of 2-pyrrolidone Was added to make a polymer solution of 
48.40% solids. 

[0218] (PA1c) Neutralization of Polymer Additive 
ETEGMA/MAA 74/26 Random Copolymer With Potassium 
Hydroxide 
[0219] The folloWing ingredients Were combined With 
stirring: 

INGREDIENT AMOUNT (G) 

Polymer PA1b solution 32.6 
45% aqueous potassium hydroxide solution 5.4 
DI. Water 67.3 

[0220] (PA2a) Polymer Additive HEMA/MAA 74/26 
Random Copolymer 
[0221] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 1172 g , Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 0.8 ml of 
a 1.0 M solution in acetonitrile) Was then added. Initiator 
(1,1-bis(trimethylsilyloxy)-2-methyl propene, 23.8 g (0.10 
moles)) Was injected. Feed I (tetrabutyl ammonium m-chlo 
robenZoate, 0.4 ml of a 1.0 M solution in acetonitrile and 
THF, 5 g) Was started and added over 130 minutes. Feed II 
(trimethylsilyl methacrylate, 225.9 g (1.43 moles) and 2-(tri 
methylsilyloxy)ethyl methacrylate, 587.1 g (2.91 moles)) 
Was started at 0.0 minutes and added over 45 minutes. At 
150 minutes, 285 g of methanol Was added to the above 
solution and distillation begun. 1234 g of material Was 
removed. 

[0222] The polymer had a composition of HEMA/MAA 
74/26 Wt%, a molecular Weight (Mn) of 5695, a polydis 
persity of 1.53, and an acid value of 2.77 (meq/gram of 
polymer solids) based on total solids. 
[0223] (PA2b) Polymer Additive HEMA /MAA 74/26 
Random Copolymer With 2-pyrrolidone as Final Solvent 

[0224] In a 3-liter ?ask, 850 g of the polymer PA2a 
solution Was heated to re?ux and 155 g of solvent Was 
distilled off. Then 421g of 2-pyrrolidone Was added to the 
?ask. After another 45 g of solvent Was distilled off, 150 g 
of 2-pyrrolidone and 0.3 g dichloroacetic acid Were added. 
Another 74 g of solvent Was distilled off to make a polymer 
solution of 45.58% solids. 

[0225] (PA2c) Neutralization of Polymer Additive HEMA 
/MAA 74/26 Random Copolymer With Potassium Hydrox 
ide 

[0226] The folloWing ingredients Were combined With 
stirring: 

INGREDIENT AMOUNT (G) 

Polymer PA2b solution 35.4 
45% aqueous potassium hydroxide solution 5.0 
DI. Water 64.5 
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[0227] (PA3a) Polymer Additive MA/M 85/15 Random 
Copolymer 

[0228] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. Methyl ethyl ketone (MEK), 850 g, Was 
charged to the ?ask and heated to re?ux. After 20 minutes of 
re?ux, Feed I (methyl acrylate (MA), 765.6 g (8.9 moles) 
and acrylic acid (AA), 135.0 g (1.9 moles)) Was started and 
added over 270 minutes. Feed II (VaZo® 52 (DuPont), 46.0 
g (0.19 moles) and MEK, 250.2 g) Was started simulta 
neously With Feed I and added over 300 minutes. When Feed 
II ended, the reaction Was held at re?ux for another 60 
minutes. 

[0229] The polymer had a composition of MAAA 85/15 
Wt%, a molecular Weight (Mn) of 6649, a polydispersity of 
2.19, and an acid value of 1.99 (meq/gram of polymer 
solids) based on total solids. 

[0230] (PA3b) Polymer Additive MA/AA 85/15 Random 
Copolymer With 2-pyrrolidone as Final Solvent 

[0231] In a 3 liter ?ask, the polymer PA3a solution Was 
heated to re?ux and 611 g of solvent Was distilled off. Then 
460 g of 2-pyrrolidone Was added to the ?ask. After another 
342 g of solvent Was distilled off, 490 g of 2-pyrrolidone Was 
added to make a polymer solution of 46.1% solids. 

[0232] (PA3c) NeutraliZation of Polymer Additive MA/M 
85/15 Random Copolymer With Potassium Hydroxide 

[0233] The folloWing ingredients Were combined With 
stirring: 

INGREDIENT AMOUNT (G) 

Polymer PA3b solution 34.0 

45% aqueous potassium hydroxide solution 3.5 

DI Water 67.0 

[0234] (PA4a) Polymer Additive nBA/ETEGMA/ 
MPEG1000 40/30/30 Random Copolymer 

[0235] A 5-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. Ethoxy triethylene glycol methacrylate 
(ETEGMA), 60 g (0.24 moles), n-butyl acrylate (nBA), 80 
g (0.63 moles), Bisomer SLOW MPEG 1000,120 g (0.06 
moles), and isopropyl alcohol (IPA), 790 g , Were charged to 
the ?ask and heated to re?ux. Feed I (ETEGMA, 241 g (0.98 
moles) and nBA, 320 g (2.5 moles)) Was started and added 
over 180 minutes. Feed II (Bisomer SlOW MPEG 1000, 480 
g (0.22 moles)) Was started simultaneously With Feed I and 
added over 180 minutes. Feed 1111 (VaZo®) 52, 10 g (0.04 
moles), methyl ethyl ketone (MEK), 30 g , and IPA, 30 g) 
Was started simultaneously With Feeds I and II and added 
over 210 minutes. When Feed III ended, Feed IV (VaZo®) 
52,15 g (0.06 moles), MEK, 45 g , and IPA, 45 g) Was started 
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and added over 10 minutes. Following Feed IV, the reaction 
Was held at re?ux for another 110 minutes. 

[0236] The polymer had a composition of nBA/ 
ETEGMA/MPEG1000 40/30/30 Wt%, a molecular Weight 
(Mn) of 6638, and a polydispersity of 3.11 

[0237] (PA4b) Polymer Additive nBA/ETEGMA/ 
MPEG1000 40/30/30 Random CopolVmer With 2-Dyrroli 
done as Final Solvent 

[0238] In a 5 liter ?ask, 751 g of 2-pyrrolidone Was added 
to the polymer PA4a solution. The solution Was heated to 
re?ux and 1086 g of solvent Was distilled off. Then 337 g of 
2-pyrrolidone Was added to the ?ask to make a polymer 
solution of 43.33% solids. 

[0239] (CP1) Comparison Polymer 1 - ETEGMA// 
BZMA//MAA 3.6113.6/110.8 

[0240] The folloWing is an example of hoW to make a 
block polymer that has both ionic as Well as steric stabili 
Zation. 

[0241] A 3-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 291.3 g , Was charged to the ?ask. The 
catalyst (tetrabutyl ammonium m-chlorobenZoate, 0.44 ml 
of a 1.0 M solution in acetoni-trile) Was then added. Initiator 
(1,1-bis(trimethylsiloxy)-2-methyl propene, 20.46 g (0.0882 
moles)) Was injected. Feed I (tetrabutyl ammonium m-chlo 
robenZoate, 0.33 ml of a 1.0 M solution in acetonitrile and 
THF, 16.92 g) Was started and added over 185 minutes. Feed 
II (trimethylsilyl methacrylate, 152.00 g (0.962 moles)) Was 
started at 0.0 minutes and added over 45 minutes. One 
hundred and eighty minutes after Feed II Was completed 
(over 99 % of the monomers had reacted), Feed III (benZyl 
methacrylate, 211.63 g (1.20 moles)) Was started and added 
over 30 minutes. Forty minutes after Feed III Was completed 
(over 99 % of the monomers had reacted), Feed IV (ethox 
ytriethyleneglycol methacrylate, 78.9 g (0.321 moles)) Was 
started and added over 30 minutes. 

[0242] At 400 minutes, 73.0 g of methanol and 111.0 g of 
2-pyrrolidone Were added to the above solution and distil 
lation begun. 352.0 g of material Was removed, then more 
2-pyrrolidone 340.3 g Was added and an additional 81.0 g of 
material Was distilled out. Finally, 2-pyrrolidone, 86.9 g 
total, Was added. The ?nal polymer solution Was at 40.0% 
solids. 

[0243] The polymer had a composition of ETEGMA// 
BZMA//MAA 3.6//13.6//10.8, a molecular Weight (Mn) of 
4200, and an acid value of 2.90 (meq/gram of polymer 
solids) based on total solids. 

[0244] Neutralization of Comparison Polymer 1 With 
Potassium Hydroxide 

[0245] The folloWing ingredients Were combined With 
stirring: 

Apr. 28, 2005 

[0246] (CP2) Comparison Polymer 2 - BZMA//MAA 13// 
10 

[0247] The folloWing is an example of hoW to make a 
block polymer that has both ionic as Well as steric stabili 
Zation. The composition Was BZMA//MAA 13//10. 

[0248] A 12-liter ?ask Was equipped With a mechanical 
stirrer, thermometer, N2 inlet, drying tube outlet, and addi 
tion funnels. THF, 3750 g, and p-xylene, 7.4 g , Were 
charged to the ?ask. The catalyst (tetrabutyl ammonium 
m-chlorobenZoate, 3.0 ml of a 1.0 M solution in acetonitrile) 
Was then added. Initiator (1,1-bis(trimethylsiloxy)-2-methyl 
propene, 291.1 g (1.25 moles)) Was injected. Feed I (tet 
rabutyl ammonium m-chlorobenZoate, 3.0 ml of a 1.0 M 
solution in acetonitrile) Was started and added over 180 
minutes. Feed II (trimethylsilyl methacrylate, 1975 g (12.5 
moles)) Was started at 0.0 minutes and added over 35 
minutes. One hundred minutes after Feed II Was completed 
(over 99% of the monomers had reacted), Feed III (benZyl 
methacrylate, 2860 g (16.3 moles)) Was started and added 
over 30 minutes. 

[0249] At 400 minutes, 720 g of methanol Was added to 
the above solution and distillation begun. During the ?rst 
stage of distillation, 1764.0 g of material Was removed. Then 
more methanol 304.0 g Was added and an additional 2255.0 
g of material Was distilled out. The ?nal polymer solution 
Was at 49.7% solids. 

[0250] The polymer had a composition of BZMA//MAA 
13//10, a molecular Weight (Mn) of 3200, and an acid value 
of 3.52 (meq/gram of polymer solids) based on total solids. 

[0251] Dispersion Preparation 1 - Black Dispersion (PD1) 

[0252] An aqueous black pigment dispersion Was prepared 
by mixing the folloWing ingredients With adequate stirring: 

INGREDIENT AMOUNT (G) 

Polymer (from 4b) 88.34 
Potassium hydroxide (45.0% solids) 10.96 
Deionized Water 209.15 
Carbon black (FW-18 Degussa) 75.0 
Proxel ® GXL 3.7 
DoWanol ® DPM 250.0 

[0253] This Was mixed and then dispersed using a mill 
from Micro?uidics. Then 550 g of the above mixture Was 
diluted With 183.3 g of Water, and dispersed again through 
the dispersion mill to yield a 7.5 Wt% pigment dispersion 
With an average particle siZe of 157 nm. 

[0254] Dispersion Preparation 2 - Magenta Dispersion 
(PD2) 
[0255] An aqueous magenta pigment dispersion Was pre 
pared by ?rst milling the folloWing ingredients on a 2 roll 
mill. 

INGREDIENT AMOUNT (G) INGREDIENT AMOUNT (G) 

CP1 solution 50.0 Polymer (from 2a) 275.59 
45% aqueous potassium hydroxide solution 6.2 Magenta pigment (Monastral RT-355-D CIBA) 210.0 
DI Water 43.8 Tetraethylene glycol 52.5 
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[0256] This was milled and made a magenta dispersion in 
a chip form that was 89.7 wt% solids. This was then let down 
by ?rst mixing the following ingredients: 

INGREDIENT AMOUNT (G) 

Magenta chip 167.24 
Lithium hydroxide 2.29 
Deionized water 300.61 
Proxel ® GXL 1.50 
Dowanol ® DPM 128.28 

[0257] Then, the dispersion was mixed in a high speed 
disperser for 4 hours at 3000 rpm. After that 500.0 g of the 
dispersion was removed and mixed with 53.75 g of Dow 
anol® DPM and 253.75 g of deioniZed water. This disper 
sion was then milled in a media mill. The dispersion was 
then puri?ed by diluting with water and removing excess 
solvents through an ultra?ltration process to generate a 
14.09 wt% pigment solids dispersion that has less than 1.0 
wt% of solvent (other than water). 

[0258] Dispersion Preparation 3 - Cyan Dispersion (PD3) 

[0259] An aqueous cyan pigment dispersion was prepared 
by ?rst milling the following ingredients on a 2 roll mill. 

INGREDIENT AMOUNT (G) 

Polymer (from 2a) 420.96 
Cyan pigment (Aztech Chemisperse CC1531) 433.33 
Tetraethylene glycol 52.50 

[0260] This was milled and made a cyan dispersion in a 
chip form that was 93.45 wt% solids. 

[0261] This was then let down by ?rst mixing the follow 
ing ingredients 

INGREDIENT AMOUNT (G) 

Cyan chip 147.16 
10% Lithium hydroxide monohydrate 16.84 
Deionized water 314.51 
Proxel ® GXL 1.50 
Dowanol ® DPM 120.00 

[0262] Then, the dispersion was mixed in a high speed 
disperser for 3 hours at 4000 rpm and then followed by 4 
hours milling in a media mill. The dispersion was then 
puri?ed by diluting 341g of material with 441g deioniZed 
water, and removing excess solvents through an ultra?ltra 
tion process to generate a 13.65 wt% pigment solids disper 
sion that had less than 1.0 wt% of solvent (other than water), 
and average particle siZe of 123 nm. 

[0263] Dispersion Preparation 4 - Yellow Dispersion 
(PD4) 
[0264] An aqueous yellow pigment dispersion was pre 
pared by ?rst milling the following ingredients on a 2 roll 
mill. 
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INGREDIENT AMOUNT (G) 

Polymer (from 2a) 226.67 
Yellow pigment (Aztech Chemisperse CY7480) 233.33 
Tetraethylene glycol 49.0 

[0265] This was milled and made a yellow dispersion in a 
chip form that was 89.16 wt% solids. 

[0266] This was then let down by ?rst mixing the follow 
ing ingredients: 

INGREDIENT AMOUNT (G) 

Yellow chip 151.58 
10% Lithium hydroxide monohydrate 16.84 
Deionized water 370.08 
Proxel ® GXL 1.50 
Triethyleneglycol monobutyl ether 60.00 

[0267] Then, the dispersion was mixed in a high speed 
disperser (HSD) for 4 hours at 3000 rpm. It was then milled 
4 hours in a media mill. The dispersion was then puri?ed by 
diluting 281g of material with 141g deioniZed water and 
removing excess solvents through an ultra?ltration process 
to yield a 18.37 wt% pigment solids dispersion that has less 
than 1.0 wt% of solvent (other than water), and an average 
particle siZe of 79 nm. 

[0268] Dispersion Preparation 5 - Magenta Dispersion 
(PD5) 
[0269] An aqueous magenta pigment dispersion was pre 
pared by mixing the following ingredients with adequate 
stirring: 

INGREDIENT AMOUNT (G) 

Polymer (from 2b) 192.35 
Potassium hydroxide (45.0% solids) 9.85 
Deionized water 217.81 
Triethyleneglycol monobutyl ether 180.00 

[0270] This produced a neutraliZed polymer solution at 
15% nominal polymer solids. The balance of the dispersion 
was prepared by mixing the following ingredients with an 
HSD for 2 hrs at 4000 rpm: 

INGREDIENT AMOUNT (G) 

15% Polymer solution 200 
Deionized water 323.5 

Magenta Pigment (Clariant Hostaperm Pink E-WD) 75.0 
Proxel ® GXL 3.7 

[0271] This was mixed and then dispersed 4 hours using a 
media mill. Then 200 g of the above mixture was diluted 
with 100.0 g of deioniZed water and puri?ed by ultra?ltra 
tion to yield a 17.74 wt% pigment solids dispersion with an 
average particle siZe of 138 nm. 
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[0272] Dispersion Preparation 6 - Black Dispersion (PD6) 

[0273] The dispersion Was prepared With the following 
recipe: 

INGREDIENT AMOUNT (G) 

Polymer (from 1c) 84.04 
Lithium Hydroxide (98% solid) 1.73 
Deionized Water 335.53 
Carbon Black (FW-18 Degussa) 75 
Proxel ® GXL 3.7 

[0274] These ingredients Were Well mixed and dispersed 
With a Micro?uidics System to yield a 15 Wt% pigment 
solids dispersion With average particle siZe of 95nm. 

[0275] Dispersion Preparation 7 - Black Dispersion (PD7) 

[0276] The dispersion Was prepared With the folloWing 
recipe: 

INGREDIENT AMOUNT (G) 

Polymer (from 2b) 80.14 
Lithium Hydroxide (98% solid) 1.43 
Deionized Water 140 
Carbon Black (FW-18 Degussa) 75 
Proxel ® GXL 3.7 
DoWanol ® DPM 319.73 

[0277] The listed ingredients Were Well mixed and then 
dispersed using a Micro?uidics system. Above Was then 
diluted With 138 g of Water and dispersed again With a 
Micro?uidics system to yield a 10 Wt% pigment solids 
dispersion With an average particle siZe of 119 nm. 

[0278] Dispersion Preparation 8 - Black Dispersion (PD8) 
[0279] The dispersion Was prepared With the folloWing 
recipe: 

INGREDIENT AMOUNT (G) 

Polymer (from 3b) 85.36 
Lithium Hydroxide (98% solid) 1.07 
Deionized Water 250 
Carbon Black (FW-18 Degussa) 75 
Proxel ® GXL 3.7 
DoWanol ® DPM 334.87 

[0280] The listed ingredients Were Well mixed and then 
dispersed using a Micro?uidics System to yield a 10 Wt% 
pigment solids dispersion With average particle siZe of 200 
nm. 

[0281] Dispersion Preparation 9 - Cyan Dispersion (PD() 
[0282] The dispersion Was prepared With the folloWing 
recipe: 

INGREDIENT AMOUNT (GM) 

Polymer (from 2b) 77.8 
Potassium hydroxide (45.0% solids) 3.86 
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-continued 

INGREDIENT AMOUNT (GM) 

Deionized Water 347.87 

Sunfast Chemical Sunfast 15:4 90.0 

Butyl carbitol 78.0 

[0283] The Sun Chemical Sunfast Blue 15:4 Was initially 
processed in an HSC folloWed by grinding in a horZontal 
media mill With 0.6-0.8 mm Zirconia (ZrO2) media. After the 
dispersion Was complete, the ?uid Was ultra?ltered to 
remove solvents. 

[0284] Dispersion Preparation 10 - Magenta Dispersion 
(PD10) 

[0285] Clariant Hostaperm Pink E-WD (R-122) chip Was 
prepared in a manner similar to Dispersion Preparation 2. 
The chip Was processed in a HSD With 15% butyl carbitol 
and at about 20% solids, then media milled With Zirconia 
media. The dispersion Was let doWn in Water to loWer solids. 
The resulting dispersion Was ultra?ltered to remove the 
solvents. 

[0286] Dispersion Preparation 11 - Magenta Dispersion 
(PD11) 

[0287] An aqueous magenta pigment dispersion Was pre 
pared by mixing the folloWing ingredients With adequate 
stirring: 

INGREDIENT AMOUNT (GM) 

Polymer (from 14b) 77.8 
Potassium hydroxide (45.0% solids) 4.86 
Deionized Water 133.26 

Clariant E02 90.0 

TEB (Dow) 54.2 

[0288] This Was dispersed in a HSD for 2 hours at 3000 
rpm. 49.1 grams of let doWn Water Was added. The disper 
sion Was further dispersed using a Eiger mill With 0.5 mm 
nylon media. 60 grams of Water Was added during the 
milling for viscosity and temperature control. 130.9 grams 
of let doWn Water Was used. The dispersion Was ture control. 

130.9 grams of let doWn Water Was used. The dispersion Was 
ultra?ltered to obtain dispersion With 12% pigment solids. 
After ultra?ltration, 0.25% Proxel® GXL Was added. 

[0289] Dispersion Preparations 12, 13 and 14 - Black 
Dispersions (PD12, PD13 and PD14) 

[0290] The folloWing ingredients Were mixed on a HSD 
then dispersed With Micro?uidics media mill to yield a 15 
Wt% pigment solids dispersion With an average particle siZe 
indicated beloW. 
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-continued 

Dispersions INGREDIENT AMOUNT (G) 

12 13 14 DeioniZed Water 48214 

M Proxel ® GXL 150 

11b 10b 12b 

Amounts [0297] Then, the dispersion Was mixed in a high speed 
Polymer 83_69 8231 8369 disperser for 4 hours at 3000 rpm to generate 14.09 Wt% 
TEB (DoW) 37.5 15.75 31.5 pigment solids dispersion. 
T' th 1 l l b t 1 th . . . . . 
éhtzphifieiifo mono uye er) 4 616 [0298] Comparison Dispersion Preparation 3 - Self-Dis 
(p-Toluenesulfonic acid, 8.31 persed Black Pigment (CDP3) 
Monohydrate, crystal) . . . . 

Deionized Water 29856 41738 30425 [0299] Prepared by methods described in previously mcor 
Carbon Black (Degussa Nipex 180IQ) 75 75 75 porated WO0194476A2, EXample 3 
Benzoic Acid 1.25 1.25 1.25 - 
Average Particle Size of dispersion, 100 132 100 Inklet Ink Example 1 

[0291] Comparison Dispersion Preparation 1 - Black Dis 
persion (CDP1) 

[0292] An aqueous black pigment dispersion Was prepared 
by mixing the folloWing ingredients With adequate stirring: 

INGREDIENT AMOUNT (G) 

Polymer (from CP1) 93.75 
Potassium hydroxide (45.0% solids) 10.60 
DeioniZed Water 316.95 
Carbon black (FW-18 Degussa) 75.0 
Proxel ® GXL 3.7 

[0293] This Was mixed and then dispersed using a mill 
from Micro?uidics to yield 15.0 Wt% pigment solids dis 
persion With an average particle siZe of 97 nm. 

[0294] Comparison Dispersion Preparation 2- Magenta 
Dispersion (CDP2) 

[0295] An aqueous magenta pigment dispersion Was pre 
pared by ?rst milling the folloWing ingredients on a 2 roll 
mill. 

INGREDIENT AMOUNT (G) 

Polymer (from CP2) 275.59 
Magenta pigment (Monastral RT-355-D CIBA) 210.0 
Tetraethylene glycol 52.5 

[0296] This Was milled and made a magenta dispersion in 
a chip form that Was 90.0 Wt% solids. This Was then let doWn 

by ?rst mixing the folloWing ingredients: 

INGREDIENT AMOUNT (G) 

Magenta chip 167.24 
Potassium hydroxide (45.0% solids) 18.08 

[0301] An ink Was prepared by mixing the folloWing 
ingredients With adequate stirring: 

INGREDIENT AMOUNT (G) 

PD1 33.33 
Glycerol 2.50 
Surfynol ® 465 0.45 
DeioniZed Water 13.72 

[0302] This made an ink that contained 5.0 Wt% pigment. 

[0303] Inkiet Ink Example 2 

[0304] An Ink Was prepared by mixing the folloWing 
ingredients With adequate stirring: 

INGREDIENT AMOUNT (G) 

PD11 33.1 

1,2-hexanediol 4 
Glycerol 15 
Ethylene glycol 5 
Surfynol ® 465 0.5 
2-pyrrolidone 3 
DeioniZed Water 44.2 

[0305] This made an ink that contained 4.0 Wt% pigment. 

[0306] Inkiet Ink Example 3 

[0307] An Ink Was prepared by mixing the folloWing 
ingredients With adequate stirring: 

INGREDIENT AMOUNT (G) 

PD9 (KOH neutralized) 11.1 
1,2-hexanediol 4 
Glycerol 15 
Ethylene glycol 5 
Surfynol ® 465 0.5 
2-pyrrolidone 3 
DeioniZed Water 61.4 

[0308] This made an ink that contained 1.9 Wt% pigment. 

[0309] Other ink jet inks Were prepared using similar 
procedures. The compositions are listed in the footnotes in 
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the tables that folloW describing the properties and print 
results for the ISD’s. 

[0310] Comparison Ink 1 

[0311] An ink Was prepared by mixing the following 
ingredients With adequate stirring: 

INGREDIENT AMOUNT (G) 

CDP1 16.67 
Glycerol 2.50 
Surfynol ® 465 0.45 
DoWanol ® DPM 8.33 
Deionized Water 22.5 

[0312] This made an ink that contained 5.0 Wt% pigment. 

[0313] Salt Stability Test 

[0314] The procedure for testing polymeric dispersions 
and inks used in these Examples is described beloW. 

[0315] (a) Prepare salt solutions by diluting a stock solu 
tion (for example a 0.2 molar NaCI) With deioniZed Water. 

[0316] (b) To a glass vial (19 mm><65 mm vials With caps), 
add 1.5 g (ml) of salt solution With a disposable transfer 
pipette. (Pipette used Was a SAMCO Transfer Pipette, cat 
#336 B/B-PET, Samco Scienti?c Corp, San Fernado, Calif.). 

[0317] (c) Add test solution With the transfer pipette. One 
drop is used for dispersion concentrates. Three drops are 
used for ink samples. 

[0318] (d) Mix the vial thoroughly With gentle sWirling. 

[0319] (e) AlloW mixture to sit, undisturbed, for 24 hours 
at room temperature. 

[0320] Record visual observation of each sample. 

[0321] Rating of 3: complete settling of pigment; trans 
parent, uncolored liquid at top. 

[0322] Rating of 2: no transparent uncolored liquid layer; 
de?nite settling onto bottom of vial observed When vial is 
tilted. 
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[0323] Rating of 1: no transparent uncolored liquid layer; 
very slight settling (small isolated spots) as observed during 
tilting of vial. 

[0324] Rating of 0: no evidence of any settling. 

[0325] Printing of the Test Samples 

[0326] The printing of the test examples Was done in the 
folloWing manner unless otherWise indicated. The printing 
for the ISD inks Was done on an Epson 980 printer (Epson 
America Inc, Long Beach, Calif.) using the black printhead 
Which has a nominal resolution of 360 dots per inch. The 
printing Was done in the softWare-selected standard print 
mode. The optical density and chroma Were measured using 
a Greytag-Macbeth SpectoEye instrument ( Greytag-Mac 
beth AG, Regensdorf, SWitZerland). Plain paper OD values 
are the average of readings from prints made on three 
different plain papers: 

[0327] ues are the average of readings from prints made on 
three different plain papers: Hammermill Copy Plus paper, 
HeWlett-Packard Of?ce paper and Xerox 4024 paper. The 
glossy paper results are from prints made using Epson 
Glossy Photo Paper. Gloss Was measured using a BYK 
Gardner Micro-Tri-Gloss gloss meter (Gardner Co., Pom 
pano Beach, Florida). 

[0328] Tests of Polymeric Dispersions and Inks 

[0329] For the ISD’s, the ratio of hydrophilic and hydro 
phobic compositions is shoWn in the tables. For each of the 
entries the polymeric dispersants Were prepared by the 
examples given above or very similar synthetic methods. 
LikeWise, the dispersions and inks Were prepared by the 
procedures described above. For the random polymers, the 
Weight ratios of the monomer components are used; for the 
block polymers the molar ratios of the monomer compo 
nents are used. 

[0330] Table 1 shoWs salt stability testing for ISD poly 
meric dispersants With carbon black pigments. For each of 
these polymeric dispersants the stable dispersion Was pre 
pared in a manner similar to DP1. The pigment Was carbon 
black. Results for an SDP dispersant and an ink With a 
conventional dispersant are also shoWn. 

TABLE 1 

Ionically Stabilized Dispersions: Salt test 

Synthetic Salt Molaritv NaCl 

Polymer example 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.2 

90/10 1c 0 0 0 0 0 1 1 1 2 2 3 
92/8 2b 0 1 1 1 1 2 2 2 2 3 3 
94/6 3b 0 0 0 2 2 3 3 3 3 3 3 
1//5 6b 0 0 1 2 2 3 3 3 3 3 ND 
8//10//8 4b 0 0 1 2 2 2 2 3 3 3 3 
SDP see note 1 0 0 0 0 2 3 3 3 3 3 3 
Conventional see note 2 0 0 0 0 0 1 ND ND ND ND 1 
Dispersant 

Note 1 
SDP Self Dispersed Pigment, prepared in manner similar to Example 1, WO0194476A2 
Note 2 
Conventional Dispersant ETEGMA//BZMA//MAA Dispersant prepared according to Comparison Poly 
mer 1 
ND: Not Determined 
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[0331] [text missing or illegible when filed] 
[0332] The results in Table 1 shows that the 5 ISD 
polymers, When formulated With black pigment, meet the 
salt test criteria for the invention. Comparing the 90/ 10, 92/8 
and 94/6 ISD’s, the hydrophilic component decreases in this 
set and the salt stability test indicates that the polymeric 
dispersant Will precipitate at loWer salt concentrations. The 
SDP material also meets the salt test criteria, but does not 
have a polymeric dispersant present. The Conventional 
Dispersant is a typical commercial formulation for pigments 
for ink. Note that the Conventional Dispersant does not meet 
the invention criteria for the salt stability test. That is, at high 
salt concentrations the dispersion does not precipitate after 
24 hours. 

[0333] Using the salt stability test on inks can shoW that 
the ink systems that include polymeric dispersants do not 
satisfy the invention’s salt stability criteria. Inks from Seiko 
Epson and other common inks are tested and the results are 
listed in Table 2. The commercial inks Were used as is. Other 
comparative dispersions and inks are also shoWn in the table. 

TABLE 2 

19 
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-continued 

Triethanolamine 0.5 
EDTA 0.05 
DI Water 68.94 

[0335] The binder Was a BZMA/HEMA/MAA/64/30/6; 
Mn=5000; 85% neutraliZed With KOH; 20% solids. 

[0336] Table 2 shoWs that commercial inks containing 
conventional dispersants are stable according to the salt 
stability test. For the C82 and C80 black entries note that 
these are both indicated to be self dispersed and as such fail 
the salt stability test according to the invention criteria, as 
they do not contain polymeric dispersants. Thus, these 
SDP’s do not match the criteria of the invention. 

[0337] ISD’s also can be used With other pigments such as 
magenta. The formulation of the pigment dispersions for 
these tests Was similar to that listed in DP2. The magenta 
pigment used Was RT355-D supplied by Ciba. 

Salt Stability Test: Common Commercial Inkiet Inks 

Salt Molarity, NaCl 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 2.0 

C82 C 0 0 0 0 2 2 3 3 3 3 3 3 

C82 M 0 1 3 3 3 3 3 3 3 3 3 3 
C82 Y 0 0 0 1 2 3 3 3 3 3 3 3 
C80 K 0 2 2 3 3 3 3 3 3 3 3 3 

C80 C 0 0 0 0 0 1 2 3 3 3 3 3 
C80 M 0 0 0 0 2 2 3 3 3 3 3 3 
C80 Y 0 0 0 0 0 1 1 2 2 2 3 3 

2000P K 0 0 0 0 0 2 2 2 2 2 2 2 
2000P C 0 0 0 0 0 0 1 2 2 3 3 3 
2000P M 0 0 0 1 2 2 3 3 3 3 3 3 

2000P Y 0 0 0 0 0 0 0 0 0 0 0 0 
Conventional dispersed ink 0 0 0 0 0 0 0 0 0 0 1 1 
Magenta; SDP as dispersed pigment 0 1 2 3 3 3 3 3 3 3 3 3 
Magenta; SDP as dispersed 0 2 3 3 3 3 3 3 3 3 3 3 
pigment in ink formulation 
SDP Black tested as dispersion 0 3 3 3 3 3 3 3 3 3 3 3 
Cab-o-jet 300 tested as dispersion 0 3 3 3 3 3 3 3 3 3 3 3 

Notes: 

tested materials 
C82, C80 and 2000P are commercially available inks for these Seiko Epson Corporation com 
mercial printers 
Conventional dispersed ink ETEGMA//BZMA//MAA Dispersant prepared according to Compari 
son Polymer 1 
Magenta SDP: Made in manner similar to Example 13, WO194476A 
SDP: Self-Dispersed Pigment, prepared in manner similar to Example 1, WO0194476A 
Cab-o-Jet 300: self-dispersed black from the Cabot Corporation tested as dispersed pigment 

[0334] The Magenta SDP ink had the folloWing compo 
sition: 

Magenta pigment 
Binder 

1,2-heXane diol 
Glycerol 1 
BYK-348 

Surfactant 
Qmuauaoo 

TABLE 3 

Salt Stability Test of Magenta Dispersions 

Pol- Salt Molaritv NaCl 

ymer 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 

90/10 0 0 0 0 0 1 1 1 2 2 
92/8 0 0 0 0 0 0 0 2 2 
94/6 0 0 0 2 2 3 3 3 3 3 

O 




















